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ABSTRACT 
A detailed review of the existing Rhode Island statutes and regulations relating 
to water management and protection exposed a gap which could allow severe aquifer 
overuse. Little provision exists for state action until an imminent threat from aquifer 
over pumping becomes evident or creates a related water quality problem. A pro-
active solution, one advocating action before serious problems occur, is proposed in the 
form of legislation and a water management plan. This legislation, the Rhode Island 
Water Management Area Act of 1994, allows local formation of regional Water 
Management Areas and establishes a water withdrawal permit program applicable only 
within a designated Area. Area formation is subject to approval from the Rhode Island 
Department of Environmental Management (RIDEM) as are any rules or regulations it 
proposes. The permit program will be administered by RIDEM which would also have 
authority to declare critical water use control areas wholly within or without or in any 
part of an established Water Management Area. Within a critical water use control 
area the RIDEM is given special powers to take action(s) to abate the water resource 
problem. This provision gives the State recourse in the face of local inaction due to 
parochial interests or otherwise. 
At the Federal level USEPA is the lead agency promoting water management. 
In a 1991 document USEPA outlined steps to protect the nation's groundwater based 
upon founding principles, among them: prevention of contamination wherever feasible; 
prioritization of remedial efforts to maximize effectiveness of dollars spent; and 
pushing management authority to the lowest level possible. Financially, USEPA 
recognized its own limited funding and sought to maximize effectiveness of grants and 
loans by establishing a system of differential monetary support among the states. This 
is accomplished by evaluating each state against USEP A criteria designed to identify 
"mature" groundwater protection programs. Those states most closely meeting these 
criteria receive a proportionally larger share of available funds. The proposed 
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legislation would bring Rhode Island close to meeting all USEP A criteria for a 
"mature" groundwater protection program. 
Water management plan development and legislation drafting caused attention to 
focus upon state approaches incorporating a differential protection concept. 
Differential protection creates powers applicable only within a specifically designated 
management area. This allows action where needed without affecting other areas. 
Arizona, Florida, Kansas, New Jersey, Texas, and Virginia all apply a differential 
protection concept but in highly divergent forms. Examination of these programs in 
detail led to the form of management program proposed. 
Development of a water management plan is required of each Water 
Management Area and a specific plan for the Chipuxet Basin is presented. This plan 
identifies water quality and quantity problems and the symptoms which would presage 
their appearance. A series of programs/actions including monitoring of water quality 
and groundwater level, inspections of potential contaminant sites to assess storage, 
handling and disposal of oils and hazardous materials, public relations and education, 
water conservation, technical assistance and more are proposed. Local versions of 
most State water programs are also specified to bring these programs and their 
enforcement directly into the community and to increase their effectiveness. The first 
year projected implementation costs of this program in the Chipuxet Basin is estimated 
to be $140,000 which drops to $120,000 in subsequent years. 
The Chipuxet Basin is located mainly in South Kingstown, but portions 
extend northward into Exeter and North Kingstown. The Chipuxet Groundwater 
Reservoir is a highly transmissive and prolific aquifer capable of yielding large 
volumes of high quality drinking water. Currently, the annual average withdrawal 
from the Aquifer is on the order of 1.1 million gallons per day, although it is capable 
of producing almost three times that amount. Over the past several years, two new 
large withdrawals have been proposed. The Wakefield Water Company owns 
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approximately 27 acres on lower Plains Road and has indicated plans to install three 
one million gallon per day wells on this parcel. The Meridian Power Corporation has 
proposed construction of a co-generation power plant near the comer of Plains Road 
and West Alumni Avenue which will withdraw 450,000 gallons per day for evaporation 
in a cooling tower. [This amount could double with a second phase.] In total, a sum of 
4.83 million gallons per day may be withdrawn from the ground by 1995, much of it 
from a geographically and hydrologically small area. Continued groundwater 
withdrawal at this rate would threaten to cause the Chipuxet River to completely dry up 
in late summer and early fall months. 
Quality of the ground and surface waters in the Chipuxet Basin is good to 
excellent for drinking water in most cases, with locally contaminated areas. Water 
quality in the Kingston Water District wells in the period from 1985-1991 and in the 
URI wells in 1990-1991 has been good to excellent. A plume of mineralized 
groundwater extends westward from the area of the former West Kingston Landfill and 
former URI disposal area along Plains Road. Volatile organic chemicals (VOC's) were 
detected in groundwater monitoring wells on both of these sites and west of Plains 
Road in three former private drinking water wells. A plume of gasoline contaminated 
groundwater extends from the Citgo Station on Route 138 eastward toward the 
Chipuxet River. A plume of salt contaminated groundwater extends from the URI salt 
pile westward. Agricultural impact from pesticides was shown when aldicarb was 
detected in URI well #4 in 1984 at a concentration of 6 micrograms per liter (ug/1), and 
in the KWD wells in 1985 and 1987 at a concentration of 4 ug/1. Aldicarb has recently 
been detected in KWD well #2 at 6 ug/1. There is no legally enforceable Federal 
standard (MCL) for aldicarb in drinking water, although the non-enforceable MCL 
Goal for aldicarb is 9 ug/1. Several other known small pollution sources and numerous 
potential pollution sources to water exist within the Chipuxet Basin. These sources 
could impact water quality within the Basin if not properly controlled. 
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PREFACE 
This paper has a two-fold purpose. It is an academic document completed in 
partial fulfillment of the requirements for a Master of Science Degree in Civil and 
Environmental Engineering at the University of Rhode Island and it is a document 
which, hopefully will be implemented by the Chipuxet Water Management Area in 
Rhode Island. The document is broken into four major sections. The first section 
presents a physical description of the Chipuxet Basin. The second section examines 
Federal water management, existing water management in Rhode Island, and the 
management approach taken in six states. The third section deals with the legislative 
initiative and administrative structure required to implement a water management 
program which brings decision making and workable program elements to the local 
level. The fourth, and final, section is a proposed Chipuxet Basin Water Management 
Plan. This latter section has been prepared as a self contained, and thus workable, 
document. Some repetition of the physical description in section 1 is repeated in the 
management plan. This was done to maintain the latter as a complete document ready 
for future implementation. 
Legislation proposed for consideration by the general assembly is contained in 
Appendix B. Enactment of this or similar legislation will allow full implementation of 
the management plan, which was developed in accordance with the USEPA principles 
for groundwater management in the 1990's. 
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I PHYSICAL DESCRIPTION OF STUDY AREA 
1.0 INTRODUCTION 
The Chipuxet River and Aquifer -- Chipuxet Basin -- presently enjoy abundant 
water resources and favorable water quality for drinking and other uses. Three 
proposed large water use projects, however, may change the water availability from 
abundance to competition. These projects, Wakefield Water Company, Meridian 
Power Co-generation Plant, and a proposed large scale conversion of agricultural land 
to a housing development in Slocum, have the potential to create a water demand 
exceeding the average annual recharge. The Chipuxet Aquifer has an enormous 
volume of water in storage and may withstand uses beyond its annual recharge for a 
period of years -- but not without effect to water resources of the Basin. The Chipuxet 
River is highly dependent upon the Aquifer to maintain its flow, especially in summer 
and early fall when virtually all water in the river is derived from groundwater 
discharge. A prolonged period of groundwater withdrawal exceeding recharge will 
eventually lead to declining water table elevation and reduced flow in the River. In 
fact, some changes due to water uses may have already occurred. An empirical 
observation over the years, unsubstantiated due to lack of measurements, is that the 
kettle holes scattered throughout the Basin no longer fill with water during the spring 
recharge period. This contrasts with longtime local resident accounts of annual filling 
of the kettle holes in the past. In fact, this investigator found no evidence of the water 
table in the bottom of a kettle hole along Plains Road in the spring of 1991, and 
measured the water table at an elevation 2 feet below the kettle bottom during 1992 
seasonal high water table conditions. 
It is because of local concern for water availability and its quality that this 
research was sponsored. The goals of this project were to research and summarize the 
current status of water resources in the Basin and to formulate a management plan for 
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future implementation. The first step was completed in October 1991 when a white 
paper (Urish and Spizuoco 1991) was presented to the Kingston Water District (KWD) 
and the Towns of Exeter~ North Kingstown, and South Kingstown. The latter step is 
completed here. 
This document is comprised of four major topic areas. It presents: 
1. a physical description of the study area; 
2. reviews federal statutory groundwater programs, summarizes state-by-state 
management approaches, and describes the current Rhode Island programs; 
3. proposes legislation (see Appendix B) and administrative structure and powers for 
regional water resource management; and 
4. presents a proposed Chipuxet Management Plan. 
The latter section contains some repetition of the physical descriptions, albeit in 
simplified form, found in the first section. This was unavoidable due to the practical 
requirement that the management plan be workable and able to stand alone when 
implemented. 
The glossary in the Appendix A contains definitions for words which are in 
bold print within this document. 
The Chipuxet River and Aquifer together will be called the Chipuxet Basin due 
to the very strong hydraulic connection between River and Aquifer. The Chipuxet 
Basin is located primarily in South Kingstown; however, a significant portion of the 
highly transmissive sediments extend northward into Exeter and North Kingstown 
(RIGIS, 5/90 Groundwater Reservoir Map; Trench & Barlow, unpublished). Figure 1 
shows the maximum extent of the combined surface and groundwater basins in the 
Chipuxet Basin. 
The adjacent Chipuxet and Usquepaug-Queen river systems today are the main 
tributaries to the Pawcatuck River, which starts at Worden Pond and flows to the 
southwest, in the Upper Pawcatuck River Basin. From about 285 million years ago to 
2 
about 100,000 years ago, these two rivers flowed along a very different course. In that 
time span they combined to erode a deep bedrock valley which drained southeastward 
under what is today known as the Charlestown Moraine. Johnston & Dickerman 
( 1985) correlated well logs within the Upper Pawcatuck Basin to establish a maximum 
depth of this bedrock valley in excess of 200 feet below the land surface. Continental 
glaciation in the last 10,000-100,000 years has buried this valley under a thick sheet of 
glacial outwash. This glacial outwash (also called stratified drift) is comprised of 
moderately to well sorted sand, silt, gravel, and boulders. These sediments provide 
storage for vast quantities of groundwater. The glacial sediments and water together 
are called the Usquepaug-Queen and Chipuxet aquifers. These aquifers are each 
capable of yielding a significant volume of high quality water (Bierschenk 1956; Lang 
1961; Allen, Glenn & Brackley 1966; Dickerman 1976, 1984; Johnston & Dickerman, 
1985). 
2.0 HYDROLOGIC BOUNDARIES 
The first four of the below hydrologic components within the Chipuxet System 
are shown in Figures 1-2: 
1) Surface Water Drainage Basin (watershed) 
2) Stratified Drift Aquifer 
3) Groundwater Reservoir 
4) Recharge Area 
5) Discharge Areas 
Each of the areas enclosed by these boundaries will be discussed in detail 
below. These units must be considered under two scenarios in order to accurately 
present the important dynamic interactions. These two scenarios are natural flow 
conditions with no man-made withdrawals and dynamic interactions under withdrawal 
conditions. The latter represents the actual case in the Chipuxet System. 
3 
-~\I ,~f~l;J;rjj{: ~:=:· • ;~1;·-~ 
..., ,&~ ""'"• -- . ,,~--.c.;.~ ,.,,.,..~,._~........... . %· • 
~::~ • ~ ~~~"qj ;-/:✓ .. ;,-. 
-,-~ 
••i•l\ .. ,,.'•\,----=--
~. ,_!Y:fla-.;; r~· ~ •. r -~~ 
l V ...... =---:--c-:--... ~<,:_.,,._,,_.. -~"-""' ti-:: -~~--/:'¥. 




" •.";"", .,__ 
~ ,:,,,.:_ 
;) ~ ~ .. ·_ ~;:t;~ 
~ ._,. ~ ..... ~ - .. 1,-~/_._ 
~;\~--= ...=-..-....Ye '"'"""-·"'..... /tili 
L -.~\ .. •'I -




0 .2000 'loOO 
FIGURE 1. CHIPUXET COMBINED SURFACE/GROUNDWATER BASIN 
SOURCES: ALLEN, GLENN, & BRACKLEY; RIDEN RECHARGE AREA; USGS 
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FIGURE 3. WATER TABLE IN THE STRATIFIED-DRIFT AQUIFER, 
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Discussion of the behavior of the hydrologic components is taken from several 
texts on hydrogeology (Freeze & Cherry 1979; Fetter 1980) and from studies of the 
Chipuxet System (Bierschenk 1956; Allen, Glenn, & Brackley 1966; Johnston & 
Dickerman 1985). 
1) Surface Water Drainage Basin: The surface water drainage basin is the area 
within which precipitation falls to the ground and flows into the various streams, 
channels, and river located in the valley. It is delineated based upon topography of the 
land surface. The Chipuxet River Basin has an area of 9.99 square miles. The 
Chipuxet River has two main sources for its water. These two sources are overland 
runoff from precipitation and water discharged from the Chipuxet Aquifer to the river 
through its stream bed. 
The surface water drainage basin boundary is a function of topography and for 
this reason will remain unchanged by any type of water withdrawal. 
2) Stratified Drift Aquifer: An aquifer is a saturated geological formation 
which yields large quantities of groundwater to wells, springs, or surface water. 
Stratified drift is a mixture of sand, silt, gravel, and boulders which have been 
deposited and partially sorted by water from a melting glacier. The Chipuxet stratified 
drift aquifer contains the Chipuxet Groundwater Reservoir (discussed below) and lies 
beneath both the Chipuxet River and the northern reach of the Chickasheen Brook. 
The Chipuxet Aquifer is primarily a water table aquifer, but also contains a layer of 
low permeability sediments in a portion of the aquifer which creates confined aquifer 
conditions. This layer locally separates an upper water table aquifer from a lower 
confined aquifer. This layer exists in the southern part of the Chipuxet Aquifer but 
disappears north of Thirty Acre Pond. 
The Chipuxet Aquifer boundary has three forms. A majority of the aquifer 
boundary is in a fixed location at the stratified drift/ glacial till contact. The second 
boundary changes location as a function of water withdrawal and groundwater recharge 
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rate and is found in two locations as a water table divide. These two locations are 
near Route 2 northeast of the intersection of Routes 2 and 138 where the groundwater 
divide separates the Chipuxet Aquifer from the Usquepaug-Queen Aquifer and in the 
northeastern Aquifer comer where the groundwater divide separates the Chipuxet 
Aquifer from the Annaquatucket Aquifer. [Comparison of the Chipuxet River Basin 
boundaries found in Allen, Glenn, & Brackley (1966) and with that of the 
Annaquatucket River Basin presented in Rosensheim, Gonthier, & Allen (1968) shows 
a thin strip of land between the two basins which is included in neither report.] The 
southern boundary of the Chipuxet Aquifer represents the third boundary form. A 
transition of Chipuxet Aquifer sediments from mainly sand and gravel to mainly silt 
and clay occurs along the southern aquifer boundary. This change in sediments is seen 
at the land surface as the appearance of the Great Swamp. Figure 3 shows contours of 
the water table in the Chipuxet Aquifer for August 1959 and also the location of a 
geologic cross section of the aquifer which is oriented East-West through Thirty Acre 
Pond. Figure 4 presents this cross section. 
3) Groundwater Reservoir: A groundwater reservoir, as defined by the Rhode 
Island Department of Environmental Management (RIDEM), is a geologic formation 
which contains both a saturated thickness of at least 40 feet and a transmissivity of 
at least 4000 feet squared per day. Thus the groundwater reservoir, which is delineated 
by the RIDEM, delineates the most prolific portion of an aquifer for the development 
of high yielding water supply wells. By its definition, a groundwater reservoir is 
contained entirely within an aquifer. No physical boundary separates the groundwater 
reservoir from the rest of the aquifer. 
Under conditions of significant groundwater withdrawal, the groundwater 
reservoir will shrink in size due to a lowering of the water table which causes a 
decreased saturated thickness. 
4) Groundwater Recharge Area: A groundwater recharge area is the surface 
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land area through which water is absorbed that eventually reaches the groundwater zone 
of saturation. In the Chipuxet Basin this area includes the entire Aquifer. 
Additionally, the RID EM defined recharge area extends beyond the aquifer boundary to 
include the drainage area upslope of the aquifer, but excludes the upslope area which 
drains directly to an upland stream. By these criteria the Chipuxet groundwater 
recharge area is 10.6 square miles. Groundwater recharge represents the total volume 
of water replenishing the aquifer over a given time period. Quantification of the yearly 
fluxes in groundwater recharge is one of the important and very difficult steps in proper 
management of groundwater development. 
Significant groundwater withdrawal most probably will affect the pattern of 
groundwater recharge in two ways. One effect could be to increase the total recharge 
area by moving a water table divide. As significant withdrawal occurs, the water table 
divide could become lowered and pushed away from the aquifer body. This would 
increase the recharge area (and decrease an adjacent aquifer recharge area) and also the 
total volume of water in the aquifer. A second effect could be to increase the amount of 
surface water and precipitation infiltrated to groundwater as areas previously saturated 
with water are depleted by pumping. 
Drinking water quality protection should extend in some measure to the entire 
recharge area because a contaminant introduced into the ground within the recharge 
area can eventually migrate to a drinking water well. Both the proximity to a drinking 
water source and the natural impediments to contaminant migration must be given 
thorough consideration in any water quality protection plan. 
5) Groundwater Discharge Areas: These are areas where water flows naturally 
from the ground. Discharge areas may take such forms as springs, flowing artesian 
wells, seeps, wetlands, and spring-fed ponds and streams. Discharge areas in the 
Chipuxet Basin appear generally as wetlands or streams, both of which also receive 
surface water runoff. The entire length of the Chipuxet River receives groundwater 
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discharge year-round. In the dry part of the year, such as late summer, all the water 
flowing in the river is discharged groundwater. The Great Swamp, located in the 
southern portion of the Chipuxet System, also receives groundwater discharge. 
As groundwater withdrawal increases, groundwater discharge will diminish. At 
an extreme, some areas of former groundwater discharge may become areas of 
recharge. In the Chipuxet Basin, the Chipuxet River would receive a decreasing 
amount of groundwater discharge and ultimately begin losing water through its stream 
bed to the subsurface. This phenomenon is important to consider because the lowest 
annual flows in the Chipuxet River occur in late summer/early fall when the river flow 
is comprised almost entirely of groundwater discharge. If groundwater is not 
discharging to the river during low flow, then the potential for stretches of the river to 
dry up is at its greatest. 
3.0 HYDROLOGIC CYCLE RELATIONSHIPS 
All water found on or under the land originates as precipitation which, with 
time, is dispersed over and through the ground. The hydrologic cycle, shown on 
Figure 5, involves evapo-transpiration of water from the ocean and land mass, 
precipitation onto the earth surface, ground runoff and soil infiltration, groundwater 
discharge, and stream flow back to the ocean. Within this cycle, a varying degree of 
interaction between the surface and groundwater flow systems occurs at any given site 
and time. 
In the Chipuxet Basin there is a high degree of interaction between the surface 
and groundwater systems because of the nature of the surficial geology. Allen, Glenn, 
& Brackley (1966) determined that for the water year 1959, the total yearly average 
flow of the Chipuxet River was comprised of 60 percent groundwater discharge, 8 
percent swamp drainage and changes in pond and channel storage, and 32 percent 
direct precipitation runoff. A review of daily average flows for the Chipuxet River 
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FIGURE 5. HYDROLOGIC CYCLE: UPPER PAWCATUCK RIVER BASIN 
NUMERICAL DATA FOR WATER YEAR 1959. MODIFIED AFTER ALLEN, 
GLENN, & BRACKLEY 1966. 
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from 1973-1988 shows the lowest flows occur between August and October (see 
Appendix E). Allen, Glenn, & Brackley (1966) stated that during low flow periods 
essentially all of the flow was derived from groundwater discharge. This water enters 
the Chipuxet River as seepage from the underlying sediments into the stream bed. 
Johnston and Dickerman ( 1985) found that groundwater is discharging to the Chipuxet 
River bed along its entire length year round. 
A water budget equation based upon the simple relation that inflow equals 
outflow for any system, including the Chipuxet Basin is the following: 
PPT = Ru + I + ET ± S 
where PPT is precipitation, Ru is overland runoff, I is infiltration to groundwater, ET 
is the total evapo-transpiration from the system, and S is the change in storage over a 
specified time span. This equation assumes there is no import or export of water and is 
valid to evaluate flow through any system over a specified time period. For the 
Chipuxet Basin in the water year 1959, Allen, Glenn, & Brackley (1966) developed 
numerical values for this equation as follows: 41. 65" = 10. 08" + 23. 52" + 8. 59" -
0.54. 
The above parameters vary with changes in climatic conditions causing natural 
fluctuations in the groundwater system. These seasonal water fluctuations reflect a 
change in the volume of water stored in the aquifer. The result is either a rise or fall of 
the water table. The water table reaches two high and two low points annually 
corresponding to two recharge and discharge cycles, respectively. The annual highs 
occur in spring (March-April) following ground frost melt, which allows infiltration of 
spring rains and snow melt water, and again in fall (September-November) due to 
increased rainfall and decreased ET at the end of the growing season. One annual low 
occurs in late summer-early fall (July-October) due to decreased precipitation preceding 
this time and maximum ET in the hot weather. A second annual low recurs in late 
winter (January-March) when recharge is minimized due to frozen ground. Of the four 
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extremes, the spring high generally produces the highest annual water table and in late 
summer/early fall the water table is at its annual low. Between the March-April high 
and the July-October low virtually no recharge to the groundwater occurs and the water 
table continues to fall throughout this period. (Allen, Glenn, & Brackley 1966; 
Johnston & Dickerman 1985; Driscoll 1986; Freeze & Cherry 1979; Fetter 1980). 
Practical use of any water supply requires that the supply be available whenever 
needed. Development of ground or river water supplies focus upon the low 
groundwater table or the low river flow extreme because these are the annual minimum 
water quantities available year round. 
In the Chipuxet Basin seepage of water to or from the Chipuxet River occurs 
easily. Both Allen, Glenn, & Brackley (1966) and Johnston & Dickerman (1985) 
found stream bed sediments to be as coarse as surrounding aquifer sediments and thus 
easily capable of either receiving groundwater discharge or transmitting river water to 
the subsurface. Under current natural conditions the water table is discharging to the 
river bed year round. 
4.0 WATER BUDGETS AND POTENTIAL AQUIFER YIELD 
Potential groundwater yield for the Chipuxet System was examined in detail by 
Allen, Glenn, & Brackley (1966). In the early 1970's the Rhode Island Water 
Resources Board (RIWRB) proposed that the amount of groundwater development in 
the Chipuxet Basin should be limited to the 7Ql0 of the Chipuxet River or about 3.0 
million gallons per day (Herbert Johnston, personal comm.). Johnston & Dickerman 
(1985), in cooperation with the RIWRB, evaluated five pumping schemes proposed by 
the RIWRB for the Chipuxet Basin. The scope of this analysis, however, did not 
include evaluation of the total groundwater availability within the Chipuxet Basin. 
Other studies of the potential impact of the RIWRB pumping schemes include Giesser 
(1976) and Kelly (1983). Supporting information for the analyses performed in these 
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studies can be found in Bierschenk (1956), Lang (1961), Allen, Hahn, & Tuttle (1963), 
and Dickerman (1976, 1984). 
Allen, Glenn, & Brackley (1966) analyzed the data presented in Allen, Hahn, & 
Tuttle (1963). Low flow measurements in the Chipuxet River from February 1958 to 
July 1960 were compared to flow data for the Pawcatuck River at Wood River Junction 
for the years 1941 to 1962. This was done to simulate the flow duration curve for the 
Chipuxet River and to estimate the 10 and 20 year return interval low flow quantities. 
Base flow was calculated based upon the groundwater drainage basin area. 
Base flow is the portion of the water flowing in the river which is received as discharge 
from groundwater, swamps, and channel storage. Groundwater discharge consists of 
water contributed to the river (a portion of base flow) and water lost to evapo-
transpiration. The amount of groundwater available to pumping wells is only the 
groundwater portion of base flow, but this amount could not be directly determined by 
Allen. This dilemma was solved when Allen reasoned that the amount of annual 
swamp drainage and channel storage discharge contributing to base flow was 
approximately equal to the groundwater discharged by evapo-transpiration. Thus the 
measured base flow became the quantity of water available for withdrawal through 
wells. 
Next Allen, Glenn, & Brackley (1966) needed to focus upon the base flow in 
dry years so that the amount of groundwater available to wells in those years could be 
estimated. He determined that for the water year 1959, base flow averaged 68% of 
the total river flow. Allen, Glenn, & Brackley (1966) then simply computed the 10 
and 20 year return interval base flows as 68 % of the 10 and 20 year low flow 
quantities. From these base flows, and aquifer coefficients of transmissivity and 
storativity, an aquifer yield of 8.6 MGD for 1 year without recharge was estimated for 
the Chipuxet Basin. Using the cumulative probability distribution of annual mean 
discharges (reproduced as Figure 6) developed by Allen, Glenn, & Brackley (1966), 
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FIGURE 8. COMPARISON OF CHIPUXET RIVER FLOW QUANTITIES FOR 
SELECTED DURATIONS FROM THE ALLEN, GLENN, & BRACKLEY (1966) 
AND JOHNSTON & DICKERMAN (1985) FLOW DURATION CURVES SHOWING 
MUCH GREATER VARIABILITY BETWEEN HIGH AND LOW FLOWS FOUND BY 
JOHNSTON & DICKERMAN. 
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the return interval for annual low flows averaging below 8.6 MGD is between 1 in 3 
and 1 in 4 years. According to this relationship developed by Allen, this means that a 
sustained constant withdrawal of 8.6 MGD would exceed available base flow one in 
every 3-4 years ( on average). This could cause the Chipuxet River to cease flowing 
along stretch(es) of the river nearest major pumping wells for continuous periods 
ranging from days to as much as a month or more. 
This analysis was based upon a flow duration curve simulated with two years of 
actual flow data from the Chipuxet River by comparison with another river for which a 
long term record of flow was available. The flow duration curve was crucial to the 
analysis performed. Johnston & Dickerman re-developed a flow duration curve based 
upon 12 years of record which was very different from the Allen, Glenn, & Brackley 
(1966) flow duration curve (see Table 2 and Figure 8). 
The low flow-return interval relationship was re-developed by Johnston & 
Dickerman based upon a method described by Searcy ( 1959). The updated flow 
duration curves were generated through correlation of 12 years of flow data for the 
USGS Chipuxet River gauging station (Feb. 1958- July 1960 and Sept. 1973- Sept. 
1983) with three hydraulically similar sites for which long-term flow data was 
available. These sites were the Pawcatuck River at Wood River Junction, the Wood 
River at Hope Valley, and the Pawcatuck River at Westerly. These data were 
combined to simulate flow data for the Chipuxet River for the time period 1942-1978. 
Flow duration curves were then constructed for the Chipuxet River and the Pawcatuck 
River at Wood River Junction. Groundwater withdrawals were added to the Chipuxet 
River flow measured to develop a flow duration curve with no groundwater diversion 
(withdrawal). A table which presents the percent time a given flow is exceeded, the 
number of consecutive days of low flow, and recurrence intervals was then constructed 
from the flow duration curve for no groundwater diversion. From that table a second, 
and final, table was generated which presented the quantity of low flow for various 
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consecutive number of days and recurrence intervals. This second table is reproduced 
here as Table 1. 
Johnston & Dickerman (1985) state that Table 1 can be utilized to determine the 
recurrence interval in years for a consecutive number of no flow days (in the Chipuxet 
River) at selected annual withdrawal rates. It should be kept in mind that low flow 
quantities shown in Table 1 are equaled or exceeded within the specified time interval. 
Comparison of the Allen, Glenn, & Brackley (Figure 6) and Johnston & 
Dickerman (Figure 7) flow duration curves is presented in Table 2. The Allen, Glenn, 
& Brackley (1966) curve was not adjusted for the approximately 0.35 MGD withdrawal 
occurring at that time from the Chipuxet System. Johnston & Dickerman (1985) 
generated two curves for the Chipuxet River flow, one curve for the flow as measured 
(curve 3 on Figure 7) and a second curve with the 1.0 MGD withdrawal added to the 
actual flow data ( curve 2 on Figure 7). Low flows are flows exceeded a high 
percentage of the time. The flow duration curves developed by Johnston & Dickerman 
show considerably lower flows and also exhibit a greater degree of overall variability 
than does the Allen, Glenn, & Brackley curve. 
Table 2. Comparison of Flow Duration Quantities 
Johnston & Johnston & 
Allen ( 1966) Dickerman ( 1985) Dickerman ( 1985) 
% Time Flow (Actual) (Actual) (Withdrawal added) 
Exceeded MGD MGD MGD 
99 % 7.9 1.8 2.5 
95 % 9.6 2.4 3.2 
80 % 11.9 4.2 5.2 
50 % 13.9 10.1 11.0 
20 % 16.5 20.2 21.0 
1 % 20.7 43.0 43.0 
NOTE: 99% represents low flow and 1 % represents a flood 
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Johnston & Dickerman ( 1985) also modeled the Chipuxet Groundwater 
Reservoir response to five pumping schemes proposed by the RIWRB using a digital 
computer model simulation. A total withdrawal rate of 3.0 MGD total from a 
maximum of seven locations was examined. Varying withdrawal rates at the seven sites 
were input to the model to project drawdown at each site and aquifer wide. The 
modeled drawdowns were small when compared to the saturated thicknesses at these 
sites. The impact from a 3.0 MGD withdrawal upon the surface water flow in the 
Chipuxet River was projected using Table 1 and under a conclusion reached by Kelly 
(1983). This conclusion was that under steady state conditions, a one to one 
relationship exists between the volume of groundwater withdrawn and a subsequent 
reduction of flow in the Chipuxet River. The proximity of wells to the River would 
influence the frequency, duration, and severity of impact to the River flow. The 
surface water impact projected would cause the River to cease flowing for as long as 7 
consecutive days an average of 1 year in 3 and for as long as 90 consecutive days an 
average of 1 year in 20. 
Through water year 1990, the lowest recorded single day low flow in the 
Chipuxet River is 1.36 MGD which occurred August 28-30, 1981. Groundwater and 
surface water withdrawal at and immediately prior to this time is unknown, but was 
likely to have been at a peak significantly greater than the average daily withdrawals 
reported in Table 4 due to draught conditions. 
From this discussion it can be seen that Allen, Glenn, & Brackley (1966) made 
an estimate of available groundwater withdrawal based upon very limited information 
for stream flow in the Chipuxet River. No consideration to maintenance of a minimum 
surface water flow was included in that analysis. Johnston & Dickerman (1985) 
presented a method to evaluate the affect on surface water flow for a range of total 
withdrawal rates, determined that drawdowns in the aquifer due to five 3.0 MGD 
annual groundwater withdrawal schemes were low to moderate, and found that low 
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flows in the Chipuxet River were much lower than those projected by Allen, Glenn, & 
Brackley (1966). The change in low flows from the Allen, Glenn, & Brackley (1966) 
study to the Johnston & Dickerman ( 1985) study indicates that much less than 8. 6 
MGD of groundwater is available for withdrawal even if flow in the Chipuxet River is 
ignored. 
Neither of these studies considered the delay to surface water impact caused by 
surface water storage. There are four surface water bodies on the Chipuxet River north 
of the Route 138 gauging station. A study of pond surface fluctuations in response to 
precipitation, low water table elevation and base flow, and water loss from the surface 
water due to ET and seepage would define the actual river flow response to large 
groundwater withdrawals. Such a study could be extended, if necessary, to include the 
feasibility of controlling storage in the four surface water bodies to maintain river flow 
under extreme low flow conditions. 
5.0 WATER USE 
5 .1 HISTORICAL WATER USE 
Water use in South Kingstown began when surface water was harnessed for 
power in the early 18th century. The smaller streams only supported grist and saw mill 
and textile factories. The Saugatucket River, however, served a number of 19th 
century mills, which became the nucleus for several communities in South Kingstown 
ranging in size from Mooresfield to Peace Dale. In 1889 a pump house (now the Pump 
House Restaurant) was established to pump water from the adjacent pond to supply 
water to Peace Dale, Wakefield, and Narragansett Pier (Rhode Island Historical 
Preservation Commission 1984). 
Near the end of the 19th century Bernon Helms, a wealthy local benefactor who 
was instrumental in the establishment of the University of Rhode Island (URI), had a 
well installed on property near the corner of Kingston and South roads. (This site is 
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currently the location of the South County Art Association, 2587 Kingston Road.) This 
well was operated by Bernon and Nathaniel Helms. A gasoline engine is believed to 
have operated a pump which was initially installed to provide water to the Helms' and 
their immediate neighbors. Sometime around 1903 the Helms brothers had a 10,000 
gallon wooden water tower installed on the property to provide pressure head for a 
growing distribution system. Around 1923, Mary LeMoine Potter added the so-called 
"Boiling Spring," located on Biscuit City Road, to the Helms' well and the Bemon-
LeMoine Water Company was established. Water from the Boiling Spring was pumped 
to the 10,000 gallon water tower on the Helms property to meet a growing demand. 
Some time later, Charles Perkins, an engineer, bought the Bemon-LeMoine 
Water Company and upgraded the water mains by installing larger diameter pipes. In 
the early 1950's, the Kingston Fire District (KFD) (now the Kingston Water District 
(KWD)) purchased the Bemon-LeMoine Water System. In the following years a 
drought caused the water level in the Boiling Spring to drop to approximately within 18 
inches of the spring box bottom. This prompted the KFD to negotiate with the 
University for land to install drilled wells (William Metz, personal comm., 1991). The 
first drilled gravel-packed well was installed in 1964 and the second well was installed 
in 1983, both located near the junction of Plains Road and Route 138 (see Figure 9). 
Today the Kingston Water District serves north-central South Kingstown. The 
Wakefield Water Company serves the Wakefield and Peace Dale areas and 
Narragansett. The Matunuck and Greenhill areas are served by the South Kingstown 
(shoreline) Water System. West Kingston is supplied by individual wells (Henry 
Meyer, personal comm.). 
The URI water system history was traced back to 1929 when an elevated water 
tower, located north of Bliss Hall, was erected. In 1934 a ten foot diameter 26 foot 
deep dug well and a pump house were constructed by the Works Project Administration 
to serve the University. This well and pump house was located approximately 150 feet 
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south of Thirty Acre Pond. An increase in post W.W.II enrollment, a drought in the 
summer of 1947, and concerns over a lack of adequate fire protection flows through the 
University water distribution system prompted construction of a drilled gravel packed 
well and upgrade of the distribution mains in 1948. Additional wells were added to the 
system in 1949, 1958, and 1975. The 1949 well has since been abandoned due to the 
presence in the well of excessive sand-and low yield. The latest major upgrade to the 
water system involved the 1975-76 construction of a one million gallon water tower 
located on Flagg Road (URI Archives; RIDOH URI Water System files). 
5.2 CURRENT WATER USAGE 
Current water use in the Chipuxet System is primarily attributable to the KWD 
and URI. Pumping records for these two systems are contained in Appendices C and 
D. Figure 9 shows the location of the Public Community Water Supply Wells and 
proposed major future withdrawal sites located within the Chipuxet Groundwater 
Reservoir. Table 3 presents the owners of these wells. Letters shown in this table 















Public Wells in the Chipuxet Aquifer 
Well Owner 
WRB (Future Well Site) 
URI (Well #4) 
URI (Well #1) 
URI (Well #3) 
WRB (Future Well Site) 
WRB (Future Well Site) 
KWD (Well #1) 
WRB (Future Well Site) 
WRB (Future Well Site) 
KWD (Well #2) 
Wakefield Water Co (3 Proposed Sites) 
Meridian Power Co (Proposed Site) 
The Wakefield Water Co. (WWC) owns a 27.62 acre parcel located along 
Plains Road, purchased in 1966, on which future groundwater development is possible. 
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According to Stanley Knox, manager of the WWC, this land is considered developable 
for three 1.0 MGD wells and well development could be initiated in approximately 2 
years. Recently, the WWC has held discussions with the Town of South Kingstown 
about purchasing the South Kingstown (Shoreline) Water System and with residents of 
Charlestown about supplying water to this community. Currently, the WWC pumps 
approximately 2.8 MGD from its existing well field located outside of the Chipuxet 
Groundwater Reservoir. WWC projected water demand for the current distribution 
system in the year 2000 is approximately 4.5 MGD. Addition of Charlestown to the 
WWC distribution system is not included in this projected water demand figure. 
(Stanley Knox, personal comm.) Uncertainty exists whether the existing well field has 
a pumping capacity beyond the current rate of 2.8 MGD, and this implies development 
of a new source(s) of water supply in the near future. (Arthur D. Little, Inc. 1989) 
Current agricultural water use is applied as irrigation water in dry summer 
periods. The total amount of acreage was compiled from the RIGIS ARC/INFO 
database, last updated in 1988 (URI Environmental Data Center, 1992). The database 
contains four agricultural land classes: pasture, cropland, orchards/groves/nurseries, 
and idle. The Chipuxet Basin totals are presented in Table 4. 
Table 4. Agricultural Acreage by Land Use Type 
LAND USE ACREAGE 
Pasture 231.5 
Cropland 1747.6 
Orchard/ grove/nurseries 107.8 
Idle 42.9 
The most recent estimated average daily water withdrawal in the Chipuxet 
System is presented in Table 5 and was summarized from Johnston & Dickerman 
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(1985), pumping records from KWD and URI, estimates of irrigation water applied to 
the above acreage, and survey of the largest industrial users. The KWD and URI 
together comprised over 75 percent of the total water withdrawal in 1990 as shown in 
Figure 10. Between 1979 and 1990 transfer of the URI aquaculture facility from the 
main campus to the East Farm property occurred. This transfer and a program to 
repair water and steam line leaks accounts for a major portion of the drop in URI 
pumping from 1979 to 1990. A concurrent rise in KWD pumping occurred because of 
the East Farm property transfer. 
Table 5. Estimated Water Usage in the Chipuxet Basin 
SUPPLY/ J&D 1979 1990 1995 POTENTIAL 
SOURCE USAGE USAGE PROJECTED BUILD-OUT 
(MGD) (MGD) (MGD) (MGD) 
KDWWELLS .18 .33 .40 .51 
URI WELLS .71 .50 .50 * .50 
WAKEFIELD 0 0 1.7-3.0 1.7-3.0 
WATER 
MERIDIAN -- -- .40 .40-.80 
CO-GEN 
INDUSTRY .10 .10 .10 .15 
WELLS 
DOMESTIC .05 .07 .08 1.06 
WELLS 




TOTALS 1.14 1.08 3.26-4.83 4.40-6.37 
* Includes proposed Co-Gen Plant reduction and anticipated growth needs 
Currently, agricultural irrigation in the Chipuxet Basin is limited by the 
infrastructure capacity to move water. This irrigation capacity serves approximately 85 
acres daily and is used an average of between 75-90 days annually. On average, one 
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inch of irrigation water (range 0.5 - 2.5 inches) is applied once per week. This 
translates to approximately 600 acres now under irrigation within the Chipuxet Basin. 
Estimated average daily surface water irrigation use is weather dependent and over the 
75-90 day period ranges from 0.24 -1.4 MGD. Table 4 clearly demonstrates that 
should economics dictate, the irrigation infrastructure and hence, the volume of 
irrigation water applied, could increase significantly. (Vicki O'Neill; W. Michael 
Sullivan, personal comms.) 
Industrial water use estimation was not refined from the prior estimate of 
Johnston & Dickerman ( 1985). Currently, the two largest industrial users are 
American Power Conversion Corporation and Ted Reed Thermal (Henry Meyer, 
personal communication). American Power Conversion has a groundwater well, 325 
employees, and utilizes a closed loop system to wash printed circuit boards. On an 
annualized average basis, water use is almost exclusively for sanitary uses at a rate of 
approximately 3000 GPD. (Mark Roberts, personal comm.) Ted Reed Thermal has a 
groundwater well, 100 employees, and utilizes a closed loop system for chilling and 
washing of parts. The closed loop system uses approximately 30,000 gallons/year. On 
an annualized average basis, the rate of water use is approximately 2000 GPD. (Parker 
Dupouy, personal comm.) Numerous smaller area businesses have groundwater wells 
but do not track the volume pumped. 
Projected water withdrawal for the year 1995 was compiled from KWD, URI, 
WWC, the proposed power plant demand, the URI Department of Plant and Soil 
Science for irrigation estimate, and tax maps and information for the Chipuxet Basin 
combined with a projected 10 % growth rate for South Kingstown and Kingston 
domestic use. Potential build-out withdrawal was compiled from the URI Department 
of Plant and Soil Science for maximum agricultural use, WWC, a projected 50 % 
increase in industrial withdrawal, zoning and area maps for the Chipuxet Basin, and the 
Arthur D. Little Task Series 500 Report (1990) for URI/KWD use. 
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Recently, two large projects have been proposed which would dramatically 
increase the current groundwater withdrawal. These are the Wakefield Water Company 
plans to develop three 1 million GPD wells and the Meridian Power Corp. plans to 
extract 450,000 GPD as cooling water for a power-steam co-generation facility (this 
amount could double if a second phase is subsequently built). 
Domestic potential build-out by town was determined by totaling acreage in 
each town within the basin by zoned lot size minimum and multiplying by a reduction 
factor of 0.8 to attain the projected number of buildable lots. The reduction factor 
incorporates land lost from the buildable acreage to roads, shape constraints, and 
wetland fringe areas. (Tony Lachowicz 1991, personnel comm.; Dan Cotta, personal 
comm.) Each lot was then assumed to have an average water use of 450 GPD. 
Potential build-out by town for domestic use is projected as 0.54 MGD for South 
Kingstown, 0.29 MGD for North Kingstown, and 0.23 MGD for Exeter. 
6.0 WATER QUALITY AND POLLUTION SOURCES 
6.1 WATER QUALITY 
Quality of the ground and surface waters in the Chipuxet Basin was most 
recently characterized by Johnston & Dickerman (1985) as "good to excellent" for 
drinking water in most cases, with some locally contaminated areas. Dickerman (1976) 
presented results of inorganic chemical analyses for groundwater samples collected 
between 1959-1974 from locations within the Chipuxet River Basin. A review of those 
results showed concentrations elevated above background for iron, manganese, nitrate, 
total hardness, and specific conductance in many samples. Allen, Glenn, & Brackley 
( 1966) noted that elevated levels of iron and manganese were generally restricted to the 
confined (lower) part of the aquifer, which is located south of Thirty Acre Pond. 
Water quality of the two major water systems, KWD and URI, has been 
consistently good. In both of these systems for the past three years volatile organic 
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compounds, pesticides, and heavy metals were below the limit of quantification, and 
radio nuclides and bacteria were well within Federal limits. Only manganese exceeded 
the secondary drinking water standard of 0.05 milligrams per liter (mg/1) by as much as 
/ a factor of two in the KWD wells (#1,2) and by a factor of four in the URI well #4. 
Nitrates were elevated and ranged between 3.8-5.9 mg/1 in the KWD wells, and were 
somewhat lower in the URI wells. The drinking water standard for nitrate is 10 mg/I. 
Aldicarb was detected in URI well #4 in 1984 at a concentration of 0.006 mg/I (Trench 
and Barlow, 1988), and in the KWD wells in 1985 and 1987 at a concentration of 
0. 004 mg/I. Aldicarb was recently detected in KWD well #2 at a concentration of 6 
ug/1 (Henry Meyer, personal comm.). No legally enforceable maximum contaminant 
level (MCL) for aldicarb has yet been promulgated by USEPA, although the MCL 
Goal is O. 009 mg/I. 
Kelly (1975) and Dickerman (1976) presented water quality results collected 
during a study of leachate effects on groundwater quality in the vicinity of the West 
Kingston Landfill. Both reports contained numerous results which showed 
concentrations of naturally occurring inorganic elements and chemicals significantly 
elevated above background concentrations. These constituents included iron, 
manganese, magnesium, calcium, sodium, potassium, sulfate, chloride, total solids, 
hardness, and specific conductance. Figure 11, reproduced from Kelly (1975), 
presents a schematic of the plume extent from the West Kingston Landfill toward 
Hundred Acre Pond. No analyses for volatile organic compounds were performed in 
these studies. 
A USEPA Final Listing Site Inspection (NUS Corp. 1990) for the West 
Kingston Landfill and the URI Disposal Area presented results of water quality 
analyses for samples collected from three groundwater monitoring wells located short 
distances down gradient and one well up gradient of the disposal areas. Analyses were 
performed for volatile and extractable compounds, pesticides, PCB's, and inorganic 
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FIGURE 11. PROJECTED FLOW PATH OF CONTAMINANT MIGRATION 
FROM THE WEST KINGSTON LANDFILL. REPRODUCED FROM KELLY 1975 
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constituents. Results of the three downgradient samples revealed the presence of six 
(6) volatile organic compounds (VOC's) including acetone (510-790 PPB), bis(2-
ethylhexyl)phthalate (76 PPB), 4-methyl-2-pentanone (31-40 PPB), tetrachloroethylene 
(4-10 PPB), trichloroethylene (6-8 PPB), and 1,2-dichloroethylene (3-5 PPB). 
Numerous inorganic constituents were found to be highly elevated above background 
concentrations. 
The Rhode Island Private Well Survey presented results from analytical testing 
of 463 of the estimated 31,000 private wells in the State (RIDEM, 1990a). In this 
investigation, wells were categorized by land use type and were analyzed for 
parameters likely to have impacted wells located within each land use type. In this 
way, RIDEM biased this study to find water quality problems, if they existed. 
Analytical testing included Radon, metals, volatile organic compounds (VOC's), and 
pesticides. One area (#63 in the study) with four sample locations is within the 
Chipuxet Basin in North Kingstown. These four samples showed low Radon and metal 
concentrations and no pesticides or VOC's were detected. Three additional areas 
located in the Usquepaug-Queen Basin which represent 37 sample points have similar 
geology and land uses to the Chipuxet Basin. Overall these results indicate high quality 
drinking water. Metal concentrations were low. Radon concentrations were mostly 
low (radon concentrations can be highly variable over short distances and short time 
spans). VOC's were mostly none detected. Where detected, VOC's were below 
USEPA maximum contaminant levels (MCL's) with one exception where the MCL for 
vinyl chloride was equaled. Of 17 pesticides tested, only three were detected and these 
concentrations ( < 2 micrograms/liter) were significantly below current or proposed 
MCL's. Although local exceptions are known to exist, this study did present evidence 
that private water well quality in Rhode Island, including the Chipuxet Basin, was 
generally suitable for drinking water purposes in 1990. 
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6.2 POINT AND NON-POINT SOURCES OF POLLUTION 
Point pollution is defined as a source of pollution traceable to a point of 
origination. Non-point pollution, in contrast, is sediment, nutrients, and organic and 
toxic substances which originate from land use activities and/ or from the atmosphere 
which are carried to lakes and streams by runoff and are carried to groundwater by 
infiltrating water (USEPA Guide, 1987). The RIDEM has not adopted a formal non-
point pollution source definition (Lynn Carlson, personal comm.; RIDEM 1988). 
Non-point pollution is generally driven by wet weather (rainfall). Rain washes 
pollutants from the land; a portion will be carried into surface water systems and a 
portion will infiltrate into the ground. Examples include runoff/infiltration from 
landfills, roadways, auto salvage yards, combined sewer overflows, cemeteries, 
feedlots and agricultural areas. 
Novotny and Chesters (1981) argue that point sources enter transport routes at 
discreet identifiable locations and usually can be measured directly or otherwise 
quantified, and their impacts evaluated. These sources include industrial and waste 
water treatment facility pipe discharges. 
According to USEP A, point and non-point pollution sources contribute equally 
to pollution of surface waters nationally. The difference between point and non-point 
is not simply between pipe and non-pipe discharges. The categorization of individual 
pollution 
sources into point and non-point sources is sometimes dependent upon site specific 
conditions. For instance, UST's can be regarded as non-point pollution sources, but a 
specific leaking tank could be regarded as a point source (Novotny and Chesters 1981; 
USEPA Guide 1987; Igor Runge, personal comm.). 
Figure 12 presents locations of real and potential groundwater pollution sources 
in the Chipuxet System. This figure is keyed to Table 6 and was constructed with 
information gathered from several sources (South Kingstown Water Quality Protection 
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Plan (draft) 1990; South Kingstown Pollution Source Inventory Map 1988; Goldberg-
Zoino 1990; Spizuoco field survey June 1991). Figure 13 presents the same 
information categorized graphically by source type. 
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FIGURE 12. LOCATION OF POTENTIAL/KNOWN CONTAMINANT SOURCES. 
SOURCES: S.K. WATER QUALITY PROTECTION PLAN (DRAFT), 
FIELD SURVEY JUNE 1991. 
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A SALT STORAGE PILE 
FIGURE 13. POTENTIAL AND KNOWN CONTAMINANT SOURCES 
(BY SOURCE TYPE) 
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Table 6. Partial List of Potential Contaminant Sources in Chipuxet System 
ID# Site Name/Location/(concem) 
1 Ted Reed Thermal/Liberty Lane/(UIC, UST) 
2 ABC Printing/Route 138/(ISDS) 
3 Roi Flo/Liberty Lane/(UST, CERCLIS) 
4 URI Gasoline Dispensing/Plains Road/(2 UST's) 
5 Ramsden Garage/Route 2/(UST's) 
6 Town and Country Transportation/ 
Liberty Lane/(UST's) 
10 J&D West Kingston Services, Inc./Route 138/(UST's) 
11 Kingston Hill Store/Route 138/(UST's) 
13 Bill's Garage RV, Auto, Lawn Mower Repair/ 
Slocum Road/(waste oils?, solvents?) 
14 Turf Fields/various locations/ 
(pesticides, fertilizers) 
15 Arnold Lumber/Fairgrounds Road/ 
(wood preservatives?) 
16 Homevest Demolition Landfill/Bridge Road/ 
( debris leachate) 
17 Tibbetts Farm, Inc./Liberty Lane/(UST) 
18 Photek (defunct)/Liberty Lane/(mercury) 
19 Agway/Waites Comer Road/(pesticides, fertilizers) 
20 West Kingston Elementary School/Route 110/ 
(large ISDS) 
21 Railroad Right-of-Way//(pesticides on ROW) 
23 URI/South Kingstown/(UST's, UIC's) 
24 American Power Supply/Fairgrounds Road/(large ISDS) 
25 ISDS's/numerous locations, not shown on map/(ISDS) 
26 Roadways/numerous locations, not shown on map/ 
(road salt, spill potential) 
27 Sewer lines/numerous locations, not shown on 
map/(leaks:biological,chems.) 
28 Route 138 Proposed Relocation/North of Thirty Acre 
Pond/(road salt, spill potential) 
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URI Disposal Area/Plains Road/ 
(Landfill, proposed Superfund Site) 
West Kingston Landfill/Plains Road/ 
(Landfill, proposed Superfund Site) 
Citgo/Route 138/(LUST, remediation ongoing) 
URI Salt Storage/Plains Road/ 
(uncovered sand/salt pile) 
No. 6 Fuel Oil Leak/URI Keany Gym/ 
(LUST, remedial action taken) 
UIC - underground injection control 
UST - underground storage tank 
LUST - leaking underground storage tank 
CERCLIS - CERCLA Listing Site 
ISDS - individual sewage disposal system 
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II EXISTING AND AVAILABLE MANAGEMENT OPTIONS 
7.0 FEDERAL STATUTORY WATER MANAGEMENT 
A brief review of law types will aid in comprehension of the following 
discussion of federal and state approaches to water management. There are five major 
sources of law in the American legal system: constitutions; common law court 
decisions; executive orders; statutes and ordinances; and administrative regulation. 
Constitutions are broad fundamental principals of justice adopted by the federal 
government and states. The broad phrasing of constitutional provisions frequently 
leads to disputes over intent. The state supreme and U. S Supreme courts are 
responsible for interpreting constitutional law meaning. These court decisions result in 
common law. Executive orders are issued by the President or the Governor in 
fulfillment of a duty to supervise the executive branch or in response to emergency 
situations. Regulations are promulgated and administrated by agencies under authority 
established by an enacted statute or ordinance. Statutes are legislation passed by the 
U.S. Congress or state legislatures and ordinances are passed by county or local 
governments. (Goldfarb 1988) 
The law creates legally enforceable expectations (rights), duties to uphold those 
rights, and a means of redressing violations of rights (remedies). Two types of 
remedies are civil and criminal. (Plater, Abrahms, Goldfarb 1992) 
The federal government's role in water management has mainly been one of 
water quality management. The federal government's historical approach to water 
quantity management has been deference to state lawmaking in governance of surface 
and groundwater diversions (Goldfarb 1988). Sixteen major federal statutes relate 
either directly or indirectly to governance of groundwater quality. These statutes and 
some of their important features as compiled by Canter, Knox, and Fairchild (1987) are 





















































































































































































































































































































































































































































































































































































































































































































































































































1970. Each of them was enacted to address specific concerns. The resulting federal 
regulatory programs often overlap, act independently, and, at times, conflict with each 
other. No overall framework exists to fit these laws into a single comprehensively 
organized regulatory program. Although none of these statutes were specifically 
developed to address groundwater protection and cleanup, federal implementation and 
regulation has acted to apply five statutes to achieve that end. These statutes are the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
the Resource Conservation and Recovery Act (RCRA), the Safe Drinking Water Act 
(SDWA, 1986 amendments include wellhead protection and an expanded list of 
pollutants monitored and regulated in drinking water), the Clean Water Act (CWA), 
and the Surface Mining Control and Reclamation Act (SMCRA). Most states have 
assumed primary implementation of these statutes (primacy) by developing programs 
satisfactory to the federal regulatory agencies overseeing these programs. 
Although USEP A administers most of the statutes listed in Table 7, some of 
these fall under the Department of Interior and the Nuclear Regulatory Commission. 
At lower government echelons, there are 14 agencies or programs which oversee 
groundwater related regulatory activities. Chief among these are USEPA, U.S. 
Geological Survey, U.S. Dept. of Agriculture, and U.S. Dept. of Defense. 
Not only are the federal laws scattered among numerous agencies and programs, 
but their treatment of hazardous materials and oils under the varying laws is not 
uniform. In some cases, particular contaminant sources are governed by multiple 
statutes with conflicting provisions. Additionally, some statutes have limited 
jurisdiction applicable only to subsets of activities or facilities relating to a given 
substance. Further narrowing of a statute's applicable scope may occur in the ensuing 
regulations. (Canter, Knox, Fairchild 1987) 
The United States Environmental Protection Agency (USEPA) is the lead 
federal agency for fostering and overseeing federal and state groundwater protection 
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and management activities. The 1986 amendments to the Safe Drinking Water Act 
(SOWA), administered by USEPA, included provisions for a national effort to require 
states to develop wellhead protection area (WHPA) programs. State WHPA 
Programs delineate the recharge areas for public water systems. These recharge areas 
are treated specially by regulatory agencies, both state and federal, to provide a higher 
level of quality and quantity protection than in surrounding areas. This program 
restricts and closely monitors high risk activities in proximity to the wells. Although 
high level protection for existing public wells is achieved, no protection of future -~ 
supply areas nor for the aquifer outside the recharge area is attained. (Camp, Dresser, 
& McKee, Inc. 1986; RIDEM 1990) 
USEP A ( 1990) presented the federal strategy for groundwater protection in the 
1990's. This document put forth the guiding principles under which USEPA will strive 
to promote groundwater management. Some of these important principles emphasize 
prevention of contamination, development of a priority system to maximize 
effectiveness of remedial efforts, and placement of resource management authority at 
the lowest appropriate level. Contamination prevention aims to protect human health 
by maintaining a high quality in drinking water supplies and aids in the attainment of 
surface water quality standards where groundwater has a close hydrologic link to 
surface water. Additionally, efforts to protect groundwater will consider the "use, 
value, and vulnerability" and the "social and economic values" of the groundwater. A 
priority system for existing and potential contaminant sites is sought to direct limited 
funds where most needed and to encourage monitoring and early detection of 
groundwater problems. Finally, USEPA recognizes the uniqueness of aquifer systems 
and the potential threats, and in response advocates bringing authority to act as close to 
the resource as possible. This creates a necessity to grant responsibility to state and 
local authorities to assess and prioritize risks and to propose actions to minimize those 
risks. 
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To achieve these goals, USEPA will encourage the development of 
comprehensive state groundwater protection programs (SGWPP). "Risk taking and 
innovation" will be encouraged in the development of these programs. USEPA will 
use existing groundwater related grants to support development of these programs and 
will apportion more of the funding toward states with comprehensive programs whose 
elements match those described as common to "mature" groundwater protection 
programs. 
The following list of components are considered common denominators found in 
"mature" protection programs. A summary of "mature" program elements is presented 
in Table 8. 
1) Passage of a state statute, consistent with the national goal, 
proclaiming a groundwater protection goal which accounts for present and future 
uses of the resource. This is coupled to an annual action plan to achieve this goal. 
This plan will contain a mechanism to evaluate the progress toward the goal including 
short and long term timetables and milestones, and will also receive periodic review 
and revision. 
2) An ongoing program which provides information on occurrence, 
movement, and quality of groundwater resources by utilizing an integrated . 
system of all available information sources. This element includes a procedure for 
inventory and ranking of potential sources of contamination that may cause adverse 
effect on human health or ecosystems. The ranking system will incorporate type and 
location of contaminants, quantify the relative risk of these sources to groundwater 
quality, and, finally, prioritize sites for action based upon consideration of the existing 
and potential use, vulnerability, quality, human health concerns, and ecosystem 
fragility. 
3) Coordinated pollution prevention and source reduction coupled with 
groundwater quality standards which are health based for drinking water supplies 
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and ecologically based where groundwater has a close hydrologic link to surface 
water. This will incorporate regulatory and non-regulatory authorities to control 
sources of contamination, explicitly placing implementation and enforcement authority 
in local hands, where appropriate. In addition to federally mandated programs 
(CERCLA, RCRA, SOWA, etc.), aspects of this element will address those types of 
materials and sites not federally regulated. It will include a data collection and 
management system, available to all levels of government, which can collect, assess, 
store, and retrieve data to guide in effective management and remedial actions for the 
resource. [Geographic Information Systems (GIS) are particularly well suited to this 
application.] Compliance monitoring and enforcement authority should be delegated to 
appropriate state and local governments. Water well drilling and construction 
standards, driller certification, and plugging of abandoned wells are component 
elements. Funding of programs must be balanced with the tasks dictated to the 
program. Finally, public participation in development and implementation of the 
program must also be a high priority. 
4) Clear delineation of state and local authority and a designated lead 
agency to coordinate overall activities. The State must proclaim how it will or does 
give authority to local governments to address local groundwater protection issues, how 
it will encourage local government participation in all aspects of groundwater 
protection, and must provide technical assistance, training, and financial assistance to 
the local programs. A description of state programs which have assumed primacy 
under federally mandated programs and action to develop programs where primacy has 
not been achieved shall be presented. A mechanism for developing coordination and 
attaining memoranda of understanding with federal agencies other than USEP A 
(USDA, DOI, DOD, DOE) which affect state groundwater programs shall be 
described. A statement on how the state has or will integrate groundwater quality and 
quantity management including direct cooperation between the agencies responsible for 
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quality management and for quantity management. Finally, groundwater program 
coordination with other natural resource protection programs including surface water 
must include a mechanism to combine the planning and implementation of all federal, 
state, and local activities affecting groundwater. (USEPA 1991) 
Table 8. Common Elements of "Mature" Ground-Water Protection Programs 
Setting Goals and Documenting 
Progress 
• Ground-water protection goal which • Yearly action plan to achieve goals 
accounts for present and future uses of the including mechanism to evaluate 
resource. progress toward goal accomplishment 
and periodic review. 
Characterizing the Resource and 
Setting Priorities for Actions 
• Comprehensive assessment of aquifer • Procedure for inventory and ranking 
systems and their associated recharge and of potential contaminant sources that 
discharge systems. may cause an adverse effect on human 
health, or ecological systems. 
• Priority setting process for actions taken 
to protect or remediate the resource that 
considers use, value, vulnerability, yield, 
current quality, etc. including wellhead 
protection and cost benefit analyses. 
Developing and Implementing 
Prevention and Control Programs 
• A coordinated pollution prevention and • Enforceable quality standards that 
source reduction program targeted to are health based for drinking water 
eliminate and reduce pollution amounts supplies and ecologically based where 
that potentially affect ground-water, ground-water is in close hydrologic 
including wellhead protection and connection to surface water (Note: 
recharge area protection programs, siting State's retain prerogative to establish 
criteria, improved management practices their own or use EPA' s standards for 
and technology standards, etc. actions under State law independent of 
any Federally authorized program, ). 
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• Regulatory and non-regulatory 
authorities control contaminant sources 
currently under state or local jurisdictions, 
e.g. permitting, siting, and zoning 
authorities on the state and local level. 
• Monitoring, data collection, and data 
analysis activities determine contamination 
extent, update control strategies, and 
assess changes needed to meet the 
ground-water protection goal. 
• Water well programs, including private 
drinking water wells, covering well 
testing, driller certification, well 
construction, and plugging abandoned 
wells. 
• Public participation activities to involve 
the public in the development and 
implementation of the program. 
Defining Roles Within the State and 
the Relationship to Federal Programs 
• Delineation of State Agencies' 
responsibilities in the ground-water 
program covering areas such as planning, 
implementation, enforcement, and 
coordination. 
• Statement of the State's role under 
ground-water related EPA statutes, 
including RCRA, CERCLA, SDW A, 
CWA, and FIFRA. EPA approved 
programs should be listed and integrated 
into the State's overall ground-water 
protection program yet continue operating 
as free standing programs. 
• Statement indicating how the State 
intends to integrate water quantity and 
quality management. 
(After USEPA 1991) 
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• Remediation program that dovetails 
with RCRA and Superfund and sets 
priorities for action according to risk. 
• Compliance and enforcement 
authorities given to the appropriate 
State and local officials through 
legislative or administrative processes. 
• Statement of how Federal State and 
local resources will be used to 
adequately fund the program. 
• Statement indicating how the State 
will or does provide local 
governments with authorities to 
address local ground-water protection 
issues. 
• Mechanisms for dealing with other 
Federal agencies that affect State 
ground-water programs (e.g., MOU's 
or other arrangements with USDA, 
DOI, DOD). 
• Coordination of ground-water 
programs with other relevant natural 
resource protection programs, 
including surface water management. 
8.0 GROUNDWATER USE DOCTRINES 
Types of water law adopted by individual states are described by Goldfarb 
(1988), Driscoll (1986), Bouwer (1978), and Fetter (1980). Legal aspects of 
groundwater and surface water interaction and use specifically relating to New England 
are described by Kelly (1979). There are six categories of legal doctrines for 
groundwater use: rule of absolute ownership (English Rule); reasonable use rule; 
restatement of the second law of torts; correlative rights rule; prior appropriation; and 
statewide or critical area management systems (Goldfarb 1988). The absolute 
ownership doctrine came to America with the English settlers and stipulates an absolute 
right of each landowner to withdraw percolating water via a well and use it on or off 
the land for any purpose. It is predicated upon the antiquated notion that groundwater 
occurrence is unknowable and unpredictable. It has been amended in most states to 
prohibit malicious groundwater waste to harm a neighbor. (Driscoll 1986) An 
amended absolute ownership doctrine is still in effect today in Rhode Island (Michael 
Rubin, RI Attorney Gen. Off., personal comm). In New England, Rhode Island, 
Connecticut, Maine, and Massachusetts adhere to the English Rule, however, of the 
four states only Rhode Island lacks a permitting and registration system for surface and 
groundwater use (Sherk 1990). 
Reasonable use, also called the New Hampshire Rule, is similar to the English 
Rule in that waste is prohibited but also limits water use to land overlying the aquifer 
unless it can be transported without injury to other overlying land owners (Murphy and 
O'Neill 1991a). 
Restatement of the second law of torts was devised by legal scholars after a 
modem understanding of groundwater hydraulics evolved. This doctrine states that a 
well owner can pump water for use on his own or non-overlying land unless other users 
are unreasonably affected. Unreasonableness is defined by 3 criteria: well interference; 
pumping in excess of one's fair share; and interference with streams and lakes which 
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are dependent upon groundwater. This doctrine has advantages in that it conforms to 
modem hydrological principles, allows for conjunctive management by combining 
surface and groundwater rules, and it protects surface water flows and aquifers from 
mining. This doctrine has been adopted in Michigan, Ohio, and Wisconsin, while 
similar provisions are contained in the laws of Alaska, Florida, Nebraska, New Jersey, 
and Missouri. (Goldfarb 1988) 
Correlative rights is a doctrine developed in California which involves a system 
of groundwater sharing in times of draught. It is based upon the relative areal extent 
of land owned to the total acreage overlying the aquifer. In the absence of a 
groundwater shortage, this doctrine is equivalent to the reasonable use rule. (Goldfarb 
1988) Although 11 states have since adopted the correlative rights concept to some 
discernible degree, California remains the sole state to have adopted it to its fullest 
extent (Murphy and O'Neill 1991b). 
Prior appropriation doctrine for groundwater defines a system of junior and 
senior users whose rights are granted on a first come, first served basis. Under this 
system users are placed into a hierarchy of priority. In time of shortage, the seniors 
are rigidly protected to receive their full water right and so on down the line. The most 
junior users may get all, some, or none of their water right under this system. 
Additionally, junior users cannot change groundwater conditions such that senior users 
are unable to reasonably exercise their right under the changed conditions. (Goldfarb 
1988) 
Statewide or critical area management systems are pro-active approaches to 
utilize and protect the natural resource within its ability to sustain its users. Statewide 
management policy enacts a uniform groundwater protection strategy for the entire 
state. (Goldfarb 1988) Critical area management systems are developed under a 
differential protection concept. Differential protection is a management scheme which 
considers the current and future potential uses of the groundwater. This allows variable 
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responses to a given contamination level or problem type by putting a site in the 
context of its use or threat to public health. Thus problems in critical management 
areas may be treated differently than elsewhere in a state and the regulatory agency 
maintains some flexibility in its response to individual incidents. (Goldfarb 1988; 
USEP A 1985) Critical management Areas may be administered by either state agencies 
or local organizations (Bowman 1991). 
9.0 EXISTING WATER MANAGEMENT IN RHODE ISLAND 
Major Rhode Island regulations and programs relating directly and indirectly to 
water quality and use are summarized in Table 9 (Code of Rhode Island Rules 1992). 
These programs are administered by the Departments of Health (RIDOH) and 
Environmental Management (RIDEM). An organizational diagram for RIDEM, which 
oversees the bulk of the regulatory programs relating to water, is presented in Figure 
14. The State regulatory mosaic is comprised of statutory and regulatory prohibitions 
and requirements enacted generally to address specific environmental concerns. As a 
result, there is no integrated blueprint for regulation and an overlap in regulation of 
some water resource issues. 
Twenty-five regulations and policies which pertain to water resources were 
identified in 7 State Divisions in both RIDEM and RIDOH. Additional regulations and 
policies, not discussed here, indirectly pertain to water resources. The RIDEM branch 
of Water Quality Management includes the Divisions of Groundwater and ISDS, 
Freshwater Wetlands, Water Resources, and Water Supply Management. The Division 
of Groundwater and ISDS has classified groundwater bodies into a hierarchy of classes 
and established groundwater quality standards for each class which are used to guide 
contaminated site clean-up; administers the individual sewage disposal system (ISDS) 
program to review and approve system designs; licenses and enforces standards for well 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and implements the Wellhead Protection Area Program (WHP A). The RI WHP A 
Program has four principal elements: RIDEM delineation of WHPA's for public water 
supplies; identification of known and potential sources of groundwater contamination 
within WHPA's; incorporation of WHPA's into appropriate State programs and 
development of management approaches by local officials and water suppliers to protect 
groundwater within WHPA's; and preparation of contingency plans by public water 
suppliers for implementation in a groundwater contamination event. The overall goal is 
to protect the area of contribution to a well to preserve water quality. (RID EM 1990 b) 
The Division of Freshwater Wetlands reviews and approves applications for alteration 
of wetland and flood plain areas. The Division of Water Resources established surface 
water quality and surface water flow maintenance standards, classifies surface water 
bodies into a hierarchy of classes, administers programs for surface water and 
underground discharges of wastewater, and oversees above ground storage tank design, 
operation, and maintenance. The Division of Water Supply Management requires 
water suppliers to prepare, maintain, and implement a water supply management plan 
and to prepare contingency plans for water emergencies. These plans must identify 
system resources and infrastructure, develop contingency plans, manage the quality and 
quantity of the supply as well as its demand, and implement ongoing data collection for 
direct input into the Rhode Island Geographic Information System. 
The RIDEM branch of Regulation includes the Division of Air and Hazardous 
Materials which contains the Oil Pollution and Underground Storage Tank (UST) 
Section. The Division of Air and Hazardous Materials regulates the industries, 
commercial businesses, and agencies which store, handle, transport, generate, or 
dispose of oils, solid wastes, and hazardous materials and governs air quality through a 
permitting, inspection, and enforcement system. Within this Division the UST section 
conducts site inspections, approves installation and testing, and responds to leak 
incidents of UST systems. 
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The RIDOH is the lead agency for regulating drinking water quality through 
water testing and well siting controls, and also monitors public water supply health 
issues. The RIDOH Division of Drinking Water Quality established health and safety 
based surface water quality standards and regulates the water quality, operation, and 
maintenance of public drinking water systems. (Code of Rhode Island Rules 1992) 
Table 9. Rhode Island Water Related Regulations 
STATE DIVISION & REGULATION/POLICY DESCRIPTION 
REGULATION DATE NAME 
RIDEM Division of 
Groundwater and ISDS 
Rules & Regulations for GW quality standards & 
5-29-92 Groundwater Quality enforcement mechanisms 
Rules & Regs. Establishing 
12-89 Min. Standards Relating to Defines criteria 
Location, Design, 
Construct. , & Maint. of 
ISDS's 
4-90 Wellhead Protection Protection of public 
Program (WHPA) drinking water wells 
RIDEM Division of 
Freshwater Wetlands 
Enforcement of Chap. 46- Standards f/design, 
12-15-89 13. 2 Relating to Drilling of construction, installation, 
Drinking Water Wells & location 
Issues permits f /actions to 
3-09-81 Enforcement of the "alter" wetlands & protects 
Freshwater Wetlands Act flood plains 
RIDEM Division of 
Water Resources 
9-29-88 Water Quality Regs. SW quality standards 
F /Water Pollution Control 
6-26-84 Pollutant Discharge Standards for SW 
Elimination System dischargers 
Standards f I discharge of 
1984 Underground Injection pollutants below ground 
Control Program surface 
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Standards fl design, 
12-11-90 Oil Pollution Control Regs. construction, & Maint. of 
above ground oil tanks 
RIDEM Division of 
Water Supply Mgmt 
1-92 Rules and Regulations for Water Suppliers ID source 
Water Supply Management and distrib. system, and 
Planning demand, supply, & system 
mgmt. actions 
5-07-92 Water Supply Management Contingency planning for 
Planning: Emergency Mgmt. water crisis emergency 
Planning Component mgmt. 
RIDEM Division of 
Agriculture 
1-02-64 Agriculture & Conservation Regulates use of pesticides 
(fungi-, insecti-, herbi-, 
rodenti-) 
Defines normal farming 
2-08-89 Farming Activities & activities as insignificant 
Wetlands wetlands alteration exempt 
same f/Wetlands regs. 
Restricted use in RI of 
5-15-87 Pesticides USEP A classified 
"restricted use pesticides" 
RIDEM Division of 
Air & Haz-Mats 
Underground Storage Criteria f/construction, 
6-30-92 Facilities used f /petroleum operation, & maint. 
products and haz-mats (prohibits install. of UST's 
in WHPA) 
3-30-92 Hazardous Waste Mgmt. 
Procedure f /tracking 
7-02-82 Manifesting Rules & Regs. generation, transport, & 
storage of haz-mats 
Hazardous Waste Generators Standards for operation & 
10-13-81 storage; tracking System 
10-13-81 Hazardous Waste Permit (tracking) system 






RIDOH Division of 
Drinking Water Quali 
2-92 
09-22-77 
GW : groundwater 
SW : surface water 
H-W : hazardous waste 
Permitting & Operating H-
W Treatment & Storage 
Facilities 
Emergency Permitting 
ff Constructing New & 
Altering Existing H-W 
Treatment & Storage 
Facilities 
H-W Mgmt Facility 
Operating Permit f /Landfills 
Solid Waste Mgmt Facilities 
Standards for Public 
Drinking Water 
Water Quality Criteria & 
Water Quality Classification 
Standards ff facility 
operation & permit to 
operate 
Fast track regulatory 
process f/emergencies 
Permit to operate 
Operational requirements 
& permitting 
Water quality regulation of 
public drinking water 
Health standards f /human 
contact w/SW & SW 
classification system 
Haz-Mats : hazardous materials 
UST : underground storage tank 
WHP A : wellhead protection area 
Only major responsibilities relating to surface and groundwater protection have 
been outlined. State agencies discussed in this section administer additional programs 
and regulations. 
A developing RIDEM stream flow maintenance policy has important 
implications for water resources management in the Chipuxet Basin. The Division of 
Water Resources has begun to formulate policy to regulate surface water withdrawals. 
Under an unwritten but developing policy, the RIDEM has placed a minimum stream 
flow of 7Ql0 on surface waters receiving permitted industrial or municipal discharges. 
For rivers not receiving permitted discharges, RIDEM is requiring 0.5 CFS per square 
mile of drainage basin (CFS/sq mi DB) as a minimum. This latter flow is based upon a 
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method developed by the U.S. Fish and Wildlife Service in a study of New England 
streams and is called the Aquatic Base Flow (ABF). In summer the ABF is equal to 
0.5 CFS/sq mi DB, in fall 1.0 CFS/sq mi DB, and in Spring 4.0 CFS/sq mi DB. In 
Rhode Island the ABF is held to 0.5 CFS/sq mi of drainage basin year round. (Susan 
Adamowicz, Thomas Willard, personal Comm) Under this policy, the Chipuxet River 
would be maintained at the ABF of 4.95 CFS or 3.2 MGD because there are no 
RID EM permitted discharges to the Chipuxet River. 
As a sub-basin within the Pawcatuck River system, the Chipuxet Aquifer is part 
of a federally designated Sole Source Aquifer. This designation is given by the 
USEP A to an area that receives greater than 50 percent of its drinking water supply 
from groundwater and has no reasonable alternative source. Within a sole source area, 
the USEP A is required to review projects receiving federal funds for potential adverse 
aquifer impact. (Calhoun, Merrow, & Calhoun 1987) 
On the local level, zoning and groundwater protection districts (GWPD) are 
evolving to provide local protection for the Chipuxet Basin. The Towns of North 
Kingstown, South Kingstown, and Exeter have zoning in place, however, South 
Kingstown and Exeter have zoned land overlying prolific portions of the aquifer as 
industrial. Of the three towns, North Kingstown and South Kingstown have adopted 
GWPD's, but the GWPD in North Kingstown does not currently apply to the Chipuxet 
Aquifer. A GWPD amendment has been proposed by the Planning Board to the North 
Kingstown Town Council to change this situation. The South Kingstown GWPD 
restricts specific future activities within the Chipuxet Groundwater Reservoir and the 
RIDEM designated recharge area to protect quality of the resource. Although GWPD's 
do afford a measure of groundwater quality protection through restriction of certain 
future activities, they do not address protection of the resource quantity. (Urish and 
Spizuoco 1991) The Town comprehensive plans are planning tools which assess Town 
resources and seek to project the future services, resources, and infrastructure needed 
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due to growth within the prescribed zoning limitations. The GWPD's have been 
incorporated into the Town comprehensive plans in South Kingstown and in North 
Kingstown. Future adoption of a regional Chipuxet Water Management Area should 
also be incorporated into the Town comprehensive plans of Exeter, South Kingstown 
and North Kingstown. 
Further understanding of Rhode Island's approach to water protection is gained 
by reviewing the pertinent statutes in the Rhode Island General Laws. Figure 15 
presents the table of contents to Rhode Island General Laws, Title 46, Waters and 
Navigation. Ten chapters pertaining to water protection and management identified in 
the General Laws are listed in Table 10. Their impetus is on water quality with many 
focusing mainly upon quality of public drinking water supplies. 
When viewed individually, these statutes appear to provide more than adequate 
protection for water resources in the state. Once a broader view of the entire body of 
statutes is grasped, however, two glaring inequities appear. One such shortfall is a lack 
of any monitoring or water quantity withdrawal regulation, particularly groundwater 
withdrawal. Any management approach should implicitly recognize that the quantity 
and rate of water withdrawal can, and does, effect water quality. For example, 
quantity affects quality when large withdrawals alter the flow path of a contaminant 
plume or when the amount of dilution water is reduced. To cast a more austere 
perspective, Rhode Island is currently the only New England state which lacks a 
groundwater withdrawal permit system (Sherk 1990). 
A second shortfall is an uncompleted final step in the regulatory water 
management scheme. This step is to create a program with an overall view of the 
natural system to be protected as articulated in the principles for groundwater 
management in the 1990's (USEPA 1991). This document advocates creating a 
program to bring resource management directly into the local communities. USEPA 
takes a broad view in advocating comprehensive water management, especially aquifer 
60 
TABLE OF CONTENTS 
TITLE 46 
WATERS AND NAVIGATION 
Chapter 
l. Duties of Department of Environmental Management ................................ . 
2. Federal Navigation and Flood Control Projects ........................................ . 
3. Shore Development ....................................................................... . 
4. Harbors and Harbor Lines ............................................................... . 
5. Construction of Port Facilities ........................................................... . 
6. Obstructions to Navigation .............................................................. . 
7. Stakes and Buoys ......................................................................... . 
8. Registration of Outboard Motors ...................................................... . 
9. Pilots - Rhode Island Sound, Narragansett Bay, Sakonnet River and Tributaries 
9.1. Pilots - Block Island Sound . .. . .. . .. . . .. .. .. .. .. . .. . . . .. .. ............... . 
10. ShipVITecks .............................................................................. . 
11. Seaweed ................................................................................... . 
12. Water Pollution ........................................................................... . 
12.l. Underground Storage Tanks .......................................................... . 
12.2. Rhode Island Clean Water Protection Finance Agency ............................. . 
12.3. The Environmental Injury Compensation Act ....................................... . 
12.4. The Contaminants from Seagoing Vessels Act ....................................... . 
12.5. Oil Pollution Control ................................................................... . 
12.6. Good Samaritan ........................................................................ . 
12.7. Oil Release Response Fund ............................................................ . 
13. Public Drinking Water Supply .......................................................... . 
13.1. Groundwater Protection ............................................................... . 
13.2. Drilling of Drinking Water Wells ..................................................... . 
14. Contamination of Drinking Water ...................................................... . 
15. Water Resources Board .................................................................. . 
15.1. Water Supply Facilities ................................................................ . 
15.2. Water Facilities Assistance Program ................................................. . 
15.3. Public Drinking Water Protection .................................................... . 
15.4. Water Supply Management .................................................... . 
16. New England Interstate Water Pollution Control Commission ............ . 
17. Interstate Compacts for Protection of Resources ...................................... .. 
17.l. Conservation of Marine Resources .................................................... . 
17 .2. Antifoulant Paint Control ............................................................. . 
18. Damages from Milldam.s ................................................................. . 
19. Inspection of Dams and Reservoirs ...................................................... . 
20. Ditches and Drains ....................................................................... . 
21. Blackstone Valley Sewer District ....................................................... . 
22. Regulation of Boats ....................................................................... . 
22.l. Uniform Boat Title Act ................................................................ . 
22.2. Alcohol Boating Safety Act ..................................................... . 
23. Coastal Resources Management Council ............................................... . 
24. Pawtuxet River Authority ....................................................... . 
25. Narragansett Bay Water Quality Management District Commission ..... . 
25 l. Merger of Blackstone Valley District Commission and Narragansett Bay Water 
Quality Management District Commission .......................................... . 
26. Improvements to Ten Mile River ........................................................ . 
27. Personal Watercraft Safety Act ......................................................... . 

















































FIGURE 15. RHODE ISLAND GENERAL 
NAVIGATION, TABLE OF CONTENTS. 
LAWS 1991 
LAWS TITLE 46, WATER AND 
REPRODUCED FROM RI GENERAL 
61 
management, and admonishes the states to bring the decision making down to the 
lowest level possible. They specifically advocate a whole aquifer approach, one which 
looks at the entire aquifer and makes decisions based upon use, value, vulnerability, 
yield, current quality, and cost benefit analysis. In contrast, the current approach in 
Table 10. Rhode Island Statutes Pertaining to Water Protection 
Chapter Number, Name, and Description 
12 Water Pollution: Regulates above ground oil storage tanks and the associated 
shipping transport. 
12.2 R.I. Clean Water Protection Finance Agency: Established a fund and 
agency to assist municipalities build or upgrade sewage treatment facilities. 
13 Public Drinking Water Supply: Grants authority to RIDOH to regulate 
quality of public drinking water supplies. 
13.1 Groundwater Protection: 1985 act established a GW classification scheme; 
a Clean Drinking Water and GW Standards Commission; commissioned a GW 
protection study; and authorized the wellhead protection area program. 
14 Contamination of Drinking Water: Established authority for Director of 
Health to prohibit or restrict existing or potential activities deemed injurius to 
health. 
15 Water Supply Management: Requires public water systems to seek approval 
from RIDEM before extending distribution systems outside district or municipality 
boundaries; authorizes the Div. of Planning to form a master plan for water supply 
& distribution and to prohibit non-conforming proposed expansions, and grants 
powers to control water distribution when Governor declares a water emergency. 
15.1 Water Supply Facilities: Re-authorized and expanded powers of WRB to 
manage and coordinate present and future availability of RI drinking water supplies. 
15.2 Water Facilities Assistance Program: Authorized WRB to administer 
financial assistance program to expand drinking water systems to serve all RI 
communities. 
15.3 Public Drinking Water Protection: Authorized WRB to disburse loans and 
grants to public water suppliers for water quality protection actions and assessed 
$.0259 fee per 100 gallons sold by all suppliers of public water in RI. 
15.4 Water Supply Management: Requires public water suppliers to inventory 
resources, infrastructure, and potential contaminant sources, and to prepare 
contingency plans to be implemented in a water emergency 
WRB - Water Resources Board GW - groundwater 
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Rhode Island is skewed toward protection of existing drinking water supplies. For 
example, the RI WHP A Program only delineates recharge areas to existing public 
water supplies and these are based upon cu"ent withdrawal rates. Furthermore, the 
withdrawal rate information is sometimes very poor because no public water supplier is 
required to keep records -- and some keep none. 
Comprehensive aquifer management requires a broad view of uses and a balance 
between potentially harmful activities and beneficial protection strategies. To be 
successful, it depends upon knowledge of current uses, anticipation of future potential 
uses, and, most importantly, support in each community. The best manner to gamer 
local support is to put authority, overseen by a state agency, into local hands. Once 
this final step is taken, comprehensive aquifer management becomes the vehicle 
through which varying regulatory programs are interwoven to achieve the ultimate goal 
of sustained high quality water availability. 
One approach to fulfilling the State's commitment to water management, 
bringing its programs into the fore of the USEPA strategy, and accomplishing the goal 
of local participation is for the Legislature to consider pro-active legislation to enact a 
water withdrawal permit system and to enact provisions for local water management 
area formation (see Appendix B Proposed Legislation: R.I. Water Management Area 
Act). 
The implementation of aquifer management may be characterized in two main 
forms; pro-active and reactive. Pro-active management requires action as preventative 
measures to avoid or significantly reduce problems in the short and Jong term. Present 
and future impacts to the quality and quantity of water are modeled and reviewed prior 
to initiation of an activity which could produce an undesirable affect. Decisions are 
then made to allow/modify an activity based upon the projected impact and the 
acceptable risk to the state and local community. The strongest protection strategies 
include pro-active policy and do not rely solely upon reactive responses. Each 
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community must decide how to balance restrictive groundwater protection strategies 
against future economic growth and opportunity. (Urish and Spizuoco 1991) 
Reactive management takes an approach based upon imminent impact. Policy 
and regulations set limitations and prohibitions for types of activities and land uses 
surrounding public water supplies. Action to prevent potential contamination is 
somewhat limited. Generally action to protect a water source is taken after an 
imminent danger appears. 
Table 11 presents some groundwater management approaches classified into 
these two categories either by the manner in which they are implemented in Rhode 
Island (where applicable), or by definition. (Drish and Spizuoco 1991) 
Table 11. Examples of Pro-active and Reactive Management Schemes 
Pro-active 
Wellhead Protection Area Program 
RIDEM Surface and Groundwater 
Classification 
Sole Source Aquifer Designation 
Local Groundwater Protection Districts 
Min. stream flow maintenance 
Water Pricing/Metering 
Water Withdrawal Regulation 
UST Regulations 
Reactive 
Rhode Island Pollutant Discharge 
Elimination System (RIPDES) 
Underground Injection Control (UIC, 
ISDS) 
English Water Use Doctrine 
10.0 STATE GROUNDWATER MANAGEMENT POLICY 
The historical shift away from the English Rule doctrine in the U.S. began after 
recurrent groundwater disputes led to studies of movement and occurrence culminating 
in increased understanding. This wave of change began in the West and has steadily 
marched eastward. (Tarlock 1985; Bowman and Clark 1989) This fundamental shift 
lead to development of resource sharing concepts which incorporated basic ideas 
recognizing the connection between adjoining groundwater users, identifying 
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groundwater as a shared public resource, and allowing regulatory flexibility in 
managing use (Bowman 1991). 
Groundwater management may either be applied statewide or in specially 
designated groundwater management areas (GWMA). GWMA's vary widely in their 
specific programs but share basic underpinnings from their inception: specific 
legislation authorizing formation of GWMA's; formation generally occurring in areas 
of severe or recurring groundwater problems; and groundwater withdrawal 
management is generally different within the GWMA than in the remainder of the state. 
Generally, a state agency is given the authority to designate management areas and to 
have veto power over an area proposed through local initiative. Approximately half of 
the states with GWMA legislation have more than one type of area (Bowman 1990). 
For example, Arizona has state agency designated active management areas and 
irrigation non-expansion areas (Overview Arizona Groundwater Mgmt. Code). In 
Florida, the entire state is divided into five independent water management districts 
regulated by the Dept. of Environmental Regulation, but within these districts the 
Governing Board may designate critical water supply problem areas (Florida Water 
Policy 1991). Kansas has groundwater management districts, intensive use 
groundwater control areas, and special groundwater quality areas (Bowman 1991). The 
New Jersey Dept. of Environmental Protection has designated two water supply critical 
areas in coastal plain aquifers (Bowman 1991 ; Kropp 1990) and has legislatively 
restricted use of groundwater originating form the Pineland National Reserve to a 
radius of 10 miles (New Jersey Statutes 1981). Texas has underground water 
management areas, locally formed underground water conservation districts [there may 
be more than one district in a single management area], state agency designated critical 
areas, and legislatively designated coastal subsidence districts (Skillern 1991; Texas 
Water Code 1991, amended). 
Emergency situations and use priorities are often incorporated into GWMA 
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legislation. Many state statutes also include emergency powers to restrict usage in 
times of shortage. Additionally, fifteen states were found to have codified groundwater 
use priorities within GWMA's. The common priority hierarchy was domestic use, 
livestock watering, agriculture, mining, electric power generation, and finally, 
manufacturing. (Bowman 1990) 
Several important issues associated with a groundwater management area 
approach must be broached by any state making a change to this management form. In 
a 50 state survey, Bowman ( 1991) assessed the status of GWMA' s in state law. A 
series of tables (12-20) after Bowman (1991) summarizes these issues and presents an 
overview of the various state approaches taken with respect to groundwater protection 
through management areas. Thirty states were found to have passed GWMA 
legislation (Table 12). Authority for management area formation, which varies among 
the states, is given to local groups, state agencies, or is retained in the legislature, but 
most often was left to a statewide administrative body (Table 13). The management 
areas serve to ameliorate groundwater quantity or quantity and quality concerns (Table 
14), but have a variety of specific issues spurring their formation (Table 15). The 
extent of GWMA jurisdiction is defined by one of three existing boundaries: surface 
watersheds, groundwater/aquifer units, and political (Table 16). Multiple regulatory 
tools are commonly made available to water resource managers (Table 17). The 
mechanism of conflict resolution (Table 18) is generally through hearing or the court 
appeals process. As an alternative, some states employ impact liability, a definition of 
when liability is incurred by large scale users, to resolve disputes. Two of the most 
important issues to administration are local vs. state authority for decision making 
(Table 19) and funding sources (Table 20). 
Comparison of these nine tables was made to aid in selection of specific states 
for detailed program review. Parameters deemed important in the selection process 
were the existence of GWMA statutes, the level at which formation of GWMA's may 
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TABLE 12. STATES WITH GROUND-WATER MANAGEMENT AREA 
LEGISLATION. REPRODUCED FROM BOWMAN 1991 
GWMA legislation GWMA legislation GWMA legislation, 


















New Jersey X 
New Mexico X 
New York X 
North Carolina X 
Ohio X 
Oregon X 
South Carolina X 






REPRODUCED FROM BOWMAN 1991 
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TABLE 13. FORMATION AUTHORITY FOR MANAGEMENT AREAS. 
REPRODUCED FROM BOWMAN 1991 
Local initiative State authority Legislature 
Arizona X 








Kansas X X X 
Louisiana X 
Mississippi X X X 
Montana X X 
Nebraska X X 
Nevada X 
New Jersey X 
New Mexfro X 
New York X X X 
North Carolina X 
Oregon X 
South Carolina X X X 
South Dakota X 





REPRODUCED FROM BOWMAN 1991 
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TABLE 14. ACTIVE MANAGEMENT AREAS FOR GROUND-WATER QUANTITY 

























































































TABLE 15. MOTIVATION FOR DESIGNATING MANAGEMENT AREAS. 
REPRODUCED FROM BOWMAN 1991 
Over- Well Salt-water Mining and Resource Water quality 




Florida X X X 




Iowa X X 
Kansas X X 
Louisiana X X X 
Mississippi X X 
Montana X X 
Nebraska X X 
Nevada X 
New Jersey X X 
New ~fexico X X 
New York X X 
North Carolina X 
Oregon X X 
South Carolina X X X X 
South Dakota 
Texas X X X X 
Utah X X 
Virginia X X X 
Washington X X X X X 
Wyoming X X 
REPRODUCED FROM BOWMAN 1991 
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TABLE 16. DETERMINATION OF MANAGEMENT AREA BOUNDARIES. 
Ground-water I 
Political boundariu Surface watersheds aquifer units 
Arizona X 
Colorado X X 
Delaware 
Florida X 









Nebraska X X X 
Nevada X 
New Jersey X 
New Mexico X X 
New York X 
North Carolina X 
Oregon X X X 
South Carolina X X X 
South Dakota X 
Texas X X 
Utah X 
Virginia X 
Washington X X X 
Wyoming X X 
REPRODUCED FROM BOWMAN 1991 
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TABLE 17. REGULATIONS USED IN MANAGEMENT AREAS. 
Penni.ta and Well Drilling Water u.,e Well/pump 
water right.a ,pacing Allocatioru nwratoria Rotaiion Metering reporting standards 
Arizona X X X X 
Colorado X X X X X 
Delaware 
Florida X X X X X X 
Hawaii X X X X 
Idaho X X X X X X 
TI!inois X 
Indiana X X X 
Iowa X X X X X X X 
Kansas X X X X X X X 
Louisiana X X X X 
Mississippi X X X X X 
Montana X X X X X X X X 
Nebraska X X X X X X X X 
Nevada X X 
New Jersey X X X X X X 
New Mexico X X X X X X. X 
New York 
North Carolina X X X X X X 
Oregon X X X X X X X 
• South Carolina X X X 
·South Dakota X X X X X 
Texas X X X X X X 
Utah X X X X X X X 
Virginia X X X 
Washington X X X X X 
Wyoming X X X X X X X X 
REPRODUCED FROM BOWMAN 1991 
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TABLE 18. CONFLICT RESOLUTION MECHANISMS 
IN MANAGEMENT AREAS. 
Hearing Hearing Court appeals 
(state authority) (local authority) and adjudication 
Arizona X 
Colorado X X X 
Delaware 






Kansas X X 
Louisiana X 
Mississippi X X 
Montana X X 
Nebraska X X 
Nevada X X 
New Jersey X X 
New Mexico X 
New York X X 
North Carolina X 
Oregon X 
South Carolina X X 
South Dakota 
Texas X X 












TABLE 19 . Decision Makers 
for Management Areas 
Local Board 
or Commission State authority 
Arizona X 












Nebraska X X 
Nevada X 
New Jersey X 
New Mexico X 
New York X 
North Carolina X 
Oregon X 
South Carolina X 






REPRODUCED FROM BOWMAN 1991 
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TABLE 20. FUNDING SOURCES FOR MANAGEMENT AREAS. 
General Local Pumping Permit 
•tate revenues property tax tax/fee application fee 
Arizona X 
Colorado X X X 
Delaware 






Kansas X X 
Louisiana X 
Mississippi X X 
Montana X X 
Nebraska X 
Nevada X X X 
New Jersey X 
New Mexico X 
New York 
North Carolina X 
Oregon X 
South Carolina X 
South Dakota 
Texas X X 
Utah X X 
Virginia X 
Washington X X 
Wyoming X 
REPRODUCED FROM BOWMAN 1991 
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be initiated (local, state agency, legislature), the number of GWMA's extant in a state, 
the issue concerns spurring formation (quantity or quantity and quality), and finally, the 
level at which decision making authority rests (local or state). (Bowman 1990, 1991) 
Additional article reviews presented comparative descriptions of state programs. 
Tarlock (1985) presented the evolution of groundwater management law in this century 
and discussed the highly developed programs in western states. Sherk (1990) focused 
on eastern water law and discussed recent trends. Bowman and Clark (1989) examined 
transitions in groundwater law and programs in eight midwestern states. Ausness 
(1983) presented state by state descriptions of water rights legislation in the east. 
Based upon the aforementioned review, Arizona, Florida, Kansas, New Jersey, 
Texas, and Virginia were selected for detailed review of their groundwater management 
programs. 
11.0 SELECTED STATE MANAGEMENT PROGRAMS 
A literature search of articles which surveyed water management policy among 
the states was completed to identify several states for detailed review of their 
groundwater management programs. Bowman (1991) presented survey results of the 
50 states to describe their laws pertaining to groundwater quantity and management. In 
that study, emphasis was placed on laws which permit the formation of groundwater 
management programs whose authority is applied either statewide or differentially 
within the state in a specifically designated management area or district. As of the end 
of 1991, twenty-seven states were reported as having groundwater management area 
(GWMA) legislation, of which 23 had applied the statutory authority to formally 
designate management areas. 
Diversity of approaches and program comprehensiveness were two central 
themes applied in selection of individual States for in-depth review. The conjunctive 
nature of the Chipuxet Aquifer and River, however, also requires consideration of both 
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surface water and groundwater policy. Selection of State programs for detailed study 
was based upon the following factors: 
geographic preference, where additional factors below were also present, was 
given to eastern states (located east of the Mississippi River) due to a bipartite 
separation of surface water law philosophy (riparianism vs. prior appropriation) 
in the U.S. between east and west 
length of time management districts have been established 
organizational level at which districts are established (local, regulatory, 
legislature) 
protective management goals (quantity, quality, both) 
organizational decision making authority (local, State regulatory) 
scope of management authority 
number of active management areas 
problem types GWMA formation was intended to address 
range of management tools applied to GWMA's 
water law doctrine 
Based upon the above criteria, the six states selected for detailed review include 
Arizona, Florida, Kansas, New Jersey, Virginia, and Texas. The regulatory programs 
and management approaches utilized by each state are examined next. 
11.1 ARIZONA 
Goldfarb (1988) called Arizona's 1980 Groundwater Management Act 
"extraordinarily demanding and complex." Bowman (1991) described Arizona's 
groundwater program as "one of the most restrictive state regulatory programs for 
groundwater management in the country." Tarlock (1985) noted that Arizona changed 
their approach from a common-law based system to "the most sophisticated regulatory 
program in the country, " and also singled out this program as one which was the first 
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to explicitly implement a program designed to change water use from economically 
lower to higher uses. Arizona water law is divided into distinct doctrines for 
groundwater and surface water (prior appropriation). Groundwater use rights are 
different within an active management areas (AMA) than in the rest of the state. 
Outside the AMA's, Arizona applies the reasonable use doctrine. Within the AMA's, 
however, a system of four distinct groundwater rights are defined by the Arizona 
Groundwater Management Act of 1980. AMA formation initiative is delegated to the 
local communities subject to final State approval, although the State retains the right to 
form a district in the face of local inaction. Arizona has formally designated four 
active management areas (AMA's) to manage both water quantity and quality. In 
addition, three irrigation non-expansion areas have also been designated (Weldon, 
McKnight, & Rieke 1991). Decision making authority for designated AMA's rest with 
the Arizona Department of Water Resources (DWR). Groundwater over-pumpage is 
the prime concern addressed by the AMA' s through a permit and water rights system 
which incorporates regulatory elements such as well spacing, water allocations, and 
water use metering. (Bowman, 1991) 
The Arizona Groundwater Code of 1980 contains important provisions which: 
• establish rights to withdraw groundwater ( 4 types); 
• ban new irrigated acreage in Active Management Areas (AMAs) and Irrigation 
Non-Expansion Areas (INAs); 
• prohibit the sale of subdivided or unsubdivided land without a water supply 
demonstrated to meet foreseeable needs for the next 100 years; 
• register wells statewide; 
• specify well construction standards, well spacing, and well impact requirements; 
• license well drillers; 
• require annual reporting of groundwater withdrawals and use in AMAs and 
INAs; and 
78 
• reqmre use of approved water flow measuring devices on wells for which 
annual reports must be filed. (Phoenix AMA 1991) 
Additional provisions include regulation of water transport, fees for 
groundwater withdrawal (which pay 50% of the groundwater management costs), water 
conservation requirements, designation of AMAs and INAs by local election or the 
State, if necessary, to protect a threatened water supply, artificial recharge of 
groundwater, and treated wastewater reuse. (Overview of Arizona Groundwater 
Management Code) The Code also authorized DWR to collect necessary water use 
information, inspect facilities, and to evaluate a user's compliance with the Code, 
DWR regulations, permits, and management plans. Enforcement provisions allow 
DWR to call hearings, issue cease and desist orders, seek temporary restraining orders 
through the courts and sets civil penalties of up to $10,000 per day for Code violations. 
(Weldon, McKnight, & Rieke 1991) 
The Groundwater Management Code of 1980 strives to reduce water use by 
2025 through conservation, limiting use, economic forces, and regulation of use rights. 
For instance, regulation allows inter basin water transport but suit for damages may be 
filed by landowners in the place of groundwater origin. Management goals are 
designed both to reduce overall use by retirement of specific applications and through 
conservation. INAs prohibit the expansion of irrigated acreage and may also seek to 
purchase and retire rights associated with grandfathered land. AMAs, where 
approximately 75% of groundwater use is agricultural, have set a goal to reduce the 
total annual groundwater draft down to the annual safe yield. This reduction is to be 
achieved by successively implementing five progressively more stringent conservation 
periods from 1980 until 2025. This stepwise approach incorporates a decrease in 
municipal per capita use, retires agricultural acreage, assures future development areas 
have predefined water availability for 100 years, artificially recharges groundwater at 
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times of surface water excess, seeks application of treated wastewater where possible, 
and requires industrial users to implement new commercially available technologies 
which provide for a reasonable economic return. Three types of use rights defined are 
service area rights for water companies and utilities, grandfathered rights, and 
withdrawal permit rights. Water companies and irrigation districts have rights to 
supply water within their infrastructure service area but cannot expand their distribution 
system without approval from the Division of Water Resources. Grandfathered rights 
include pre-existing irrigation rights, and Type 1 non-irrigation rights, those attached to 
permanently retired irrigation acreage, or Type 2 non-irrigation rights, those whose use 
was historically for non-irrigation use. 
Exempt wells must be registered but are excluded from most requirements of 
the groundwater code including water measurement and annual reporting. These wells 
are limited to an annual withdrawal of 10 acre-feet (approximately 9000 gallons/day), 
are generally domestic, have a maximum pump capacity of 35 gallons per minute, and 
must have a non-irrigation use, although watering up to two acres of grass or garden is 
allowed. 
Well permit requirements apply only within AMAs. New irrigation uses are 
prohibited statewide by statute, although sale and lease of existing rights is encouraged. 
There are seven types of withdrawal permits with varying requirements including: 
• Dewatering permits; 
• Mineral extraction and metallurgical processing permits; 
• General industrial use permits; 
• Poor quality groundwater withdrawal permits; 
• Temporary permits for dewatering or electric power generation; 
• Drainage water withdrawal permits; and 
• Hydrologic testing permits. 
(Phoenix AMA 1991; Overview of Arizona Groundwater Management Code) 
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11.2 FLORIDA 
Ausness (1983) cited the Model Water Code (Maloney, Ausness, & Morris 
1972) as the basis for Florida's permit system and characterized this system as the 
"most comprehensive system in the Eastern United States." Tarlock (1985) stated that 
reliance upon groundwater by 92 % of Floridians is a significant reason for the 
protective 1972 Florida Water Resources Act which addresses the state's vulnerable 
geologic conditions. Henderson (1987) cited the states of Florida, Minnesota, and 
Wisconsin as those closest to a true non-degradation groundwater policy, and also 
placed Florida among four nationwide programs, Arizona, Connecticut, Florida, and 
Wisconsin, deemed innovative. 
The two major Florida statutes authorizing regulatory rule making and action to 
manage and protect water resources are the Air and Water Pollution Control Act, 
Chapter 403 and the Water Resources Act, Chapter 373. Specific powers and duties 
for management of both surface and groundwaters are contained in the latter of these 
two acts. Additionally, goals and policies for water resources and natural ecosystems 
protection are contained in the State Comprehensive Plan, Chapter 187. (Florida Water 
Policy 1991) 
Chapter 373 is the basis of the water management powers granted to the five 
water management districts it created. Originally, responsibilities were split between 
the Department of Environmental Regulation (DER) and the five water management 
districts. This split gave authority to manage water use to the districts and the DER 
oversaw water quality issues. In the latter 1980's, however, the districts began 
assuming more responsibility in water quality issues (Canter, Knox, Fairchild 1987, 
p535). The DER delegated to all districts consumptive use permitting, regulation of 
water wells, and permitting of surface water management and storage. Additionally, 
DER has delegated storm water management and regulation of dredging and filling of 
isolated wetland areas. (Christie 1991) The governing board of each district was 
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empowered to establish a permit system for district water resources where water is 
defined as all water on or beneath the surface of the ground. Each permit may allow 
for "use of water in specified amounts within identified areas of the district" (FL 
Statutes 1972, 373.118(2)). The rules and regulations governing the permit system 
may prohibit new surface water diversions, well installations, and new or modified uses 
of water. Additionally, water use can be apportioned or put on a rotating basis. The 
statute is specific that water uses existing at the time of statute enactment are required 
to obtain a permit and will receive a permit if the use is a "reasonable-beneficial" use 
( defined by statute). However, an existing use can be changed by the governing board 
where the use is found to be detrimental to other water uses or to State water resources. 
Provisions for declaration of water emergencies and authority to reduce or prohibit 
allowable use within the emergency area are also within the governing board powers. 
Groundwater use permit applicants must demonstrate the proposed use to be 
"reasonable-beneficial", will not interfere with an existing legal use, and is consistent 
with the public interest. Specific authority is given to reserve quantities of water 
seasonally to preserve fish and wildlife or the public health and safety. 
[Florida Statutes, Chapter 373, Sections 019(8); 118(1,2); 171(la,lb,lc,3); 
175(1,2,4); 223(la,lb,lc,3); 226(1,2); 246(1,7) 308(1,4)] 
11.3 KANSAS 
Goldfarb (1988) and Bowman (1990) touted strong local control in Kansas 
which allows each district to enact their own regulations for preventing well 
interference and aquifer depletion as the strong assets of this state program. 
The Kansas Groundwater Management District Act (K.S.A. 82a 1020-1040) 
established authority under which groundwater districts can be formed and operated 
under local control subject to State approval of the District policies, rules, and 
regulations. This statute defines a management plan to incorporate a description of the 
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District, and the types and approaches to groundwater problem solving. The plan 
applies to water users, those using greater than 1 acre-foot per year (about 890 GPD). 
A District may be formed, and governed by an uneven number of board members 
ranging between 3-15, by local initiative subject to approval by the State Chief 
Engineer. District powers enable the board within the District to: 
• employ legal, engineering, technical, and clerical staff 
• buy and sell and water rights 
• acquire land by gift, exchange, and eminent domain 
• construct and establish research, development, and demonstration projects 
• require installation of meters and gauges, have access to same, and have authority 
to require users to report readings of meters and gauges 
• adopt, amend, and enforce standards and policies for management and conservation 
of groundwater 
• recommend to the Chief Engineer rules and regulations to implement and enforce 
District policies 
• enter private property to inspect compliance with the District's rules and regulations 
• recommend or petition the chief engineer to initiate proceedings to designate an 
11 intensive groundwater use control area 11 
An intensive groundwater use control area is defined by the existence of one or 
more factors including: 
• declining or excessively declining groundwater levels 
• a total withdrawal rate which exceeds the recharge rate 
• preventable water waste which is occurring or may occur 
• unreasonable water quality deterioration is occurring or may occur 
• other existing conditions warrant protection of the public interest 
Corrective control measures available to the chief engineer m an intensive 
groundwater use control area are: 
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• closure of the area to further groundwater withdrawal (no permits issued) 
• specify by day, month, or year an allowable total withdrawal and apportion water in 
accord with the relative dates of water priority rights 
• reduce the permissible groundwater withdrawal by any one or more users 
• require rotation of groundwater use 
• any one or more other provisions necessary to protect the public interests 
The Water Appropriation Act (K.S.A. 82a 701-732) provides statutory authority 
for the State Chief Engineer to establish a permit system for appropriation of surface 
and groundwaters of the State and to require metering and annual reporting of use. 
The Act explicitly decrees all water within the state to be dedicated to use of the 
people, thus placing water into the public trust, subject to rules and regulations 
specified in the Act. Where conflicting uses are proposed, the order of preference is. 
specified as domestic, municipal, irrigation, industrial, recreational, and water power 
uses. In times of shortage, however, use is governed by dates of priority, not order of 
preference. [K.S.A. 82a-102l(h)(k);-1022-1027; -1028(d)(e)(t)(g)(h)(k)(l)(m)(o)(p)(s); 
-1036 (a-e); -1038(b,l-5); K.S.A. 82a-702; -706a; -706c; -732a; -707(a)(b)(c); K.S.A. 
42-308; Peck 1991] 
11.4 NEW JERSEY 
New Jersey passed comprehensive legislation in 1981 which combined 
regulation of surface and groundwater into a single statute (Ausness 1983). In the East, 
both Florida and New Jersey have enacted complex regulatory programs to grapple 
with groundwater supply problems (Goldfarb 1988). Important statutory authority 
established by the NJ legislature allows the governor to declare a water supply 
emergency during which water is distributed under established preferences set forth in 
an Emergency Water Supply Allocation Plan; and the New Jersey Department of 
Environmental Protection (NJDEP) has been empowered to require water conservation 
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through rules and regulations which allow restriction of wasteful conveyance systems 
and to set minimum groundwater levels and surface water flows (Sherk 1990). 
Water management in NJ began in 1876, but it wasn't until 1907 that the first 
permanent State Water Supply Commission was established to regulate public surface 
water use. In 1910 authority to regulate public, and in 1947 private, supplies of 
groundwater were added to the Commission's purview. Later, 1963 authority for 
regulation of private surface water use completed the conjunctive regulatory approach 
in New Jersey. Finally in 1981 the New Jersey legislature acknowledged over 
allocation of groundwater resources due mainly to exemptions in existing legislation, 
grandfathered water use activities, and lack of authority to limit duration or revoke 
permits by enacting the Water Supply Management Act (New Jersey Statutes 1981). 
This act provided statutory authority to the NJDEP to allocate and reallocate waters of 
the state. The act defined all water resources in NJ as public assets owned by all 
citizens and held in trust by the state for its people. This allowed the legislature to then 
establish a permit allocation system. Authority also exists for NJDEP to designate 
"critical water supply areas" and to exert regional management controls within a 
specified area, i.e. not applicable elsewhere in the State, through the water allocation 
permit program. This authority was challenged in 1989 resulting in the Appellate 
Division of the New Jersey Superior Court decision that the NJDEP lacks such regional 
authority until the governor formally declares a water supply emergency. In the 
absence of a water supply emergency declaration, other management avenues available 
to NJDEP in critical water supply areas include powers to require alternative water 
supply development and/or an aquifer recharge plan. (Kropp, 1990) The NJDEP 
promulgated regulations under Chapter 19, Subchapters 1,2,3, and 6 defining the water 
use permit system, fees for same, and critical water supply area designation under 
authority of the Water Supply Management Act, N.J.S.A. 58:lA-1 et seq., the Safe 
Drinking Water Act, N.J.S.A. 58:12A-l et seq., and the Subsurface and Percolating 
85 
Water Act, N.J.S.A., 58:4A-4.1 et seq. (New Jersey Annotated Code 7:19-1,2,3,6,7) 
11.5 TEXAS 
Texas is the largest groundwater user which still administers law under the 
absolute ownership doctrine, although a 1981 case may allow legal action for injuries 
caused by negligent pumping. While Texas does have local groundwater districts, as 
do Arizona, Florida, Kansas, and Virginia, they rely upon education and technical 
assistance for water conservation to achieve their goals, but lack broad regulatory 
powers. (Tarlock, 1985; Goldfarb, 1988) Mandatory compliance with district rules 
would be an exception rather than a rule (Skillern 1991). 
Texas water law has three classifications of water, each treated differently. 
Surface water rights are determined by permit according to the Texas Water Code, 
groundwater rights follow the absolute ownership doctrine under strict rule of capture 
(English Rule), and diffused surface water may be captured without a permit. The 
latter category pertains to ephemeral water flowing over land and ownership of these 
waters are poorly defined by common law. Texas remains one of the last states firmly 
under the groundwater rule of capture. As recently as 1989 the Texas Supreme Court 
re-affirmed a 1927 ruling which allowed groundwater capture of spring water without 
liability even though this caused the Comanche Springs to dry up. The rule simply 
states that percolating subsurface water (groundwater) is owned by the landowner who 
captures it. (Skillern 1991) 
Specially designated regions may be created to address water availability and 
land subsidence concerns. Underground water management areas are designated by the 
Texas Water Commission to address concerns for management of the groundwater 
resources of the area. Within an underground water management area, there may be 
several underground water conservation districts. The Commission may also designate 
Critical Areas where there is groundwater shortage, land subsidence due to 
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groundwater withdrawal, or groundwater contamination. (Texas Water Code 1991) 
Additionally, the Texas Legislature has designated the Harris-Galveston Subsidence 
District, the only such district in Texas, by a 1975 act to address land subsidence. The 
district can require a permit for groundwater pumping and also impose a pumping fee. 
(Skillern 1991) 
Texas Water Code, Chapter 52, Underground Water Conservation Districts 
enumerates the powers granted to local districts under this statute. Section 52.002 
unequivocally reaffirms the rights and ownership of landowners to the water below. 
The Code broadly defines "waste" and "use for a beneficial purpose." The stated 
purpose for an underground water conservation district (District) is to conserve, 
preserve, protect, recharge, and prevent waste of groundwater resources. The Texas 
Water Commission or State residents, subject to tough constraints, may petition for 
formation of a District. Only the Commission, however, may designate a critical area 
where there is currently or foreseeable within the next 20 years a shortage of surface or 
groundwater, land subsidence due to groundwater withdrawal, and groundwater 
contamination. Critical areas are eligible for State financial assistance to address those 
issues responsible for designation of the area. Each District is given authority to 
enforce rules by injunction, mandatory injunction or through court action. Planning is 
required of each District whereby a comprehensive management plan must be 
formulated, rules adopted for implementation, and a copy filed with the Commission. 
The centerpiece of the management tools given to the districts is the right to implement 
a well permit system, which is, however, subject to heavy restriction. Regulatory 
powers include requirements to permit newly proposed drilled wells, well spacing, 
minimum construction standards for new and existing wells, and declaration that a well 
drilled without a permit is "illegal, wasteful per se, and a nuisance" and its operation is 
"prima facie evidence of illegal drainage" of underground water [these declarations 
may act to expedite adjudication against the violator]. Restriction to District authority 
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is significant (Texas Water Code, 1991, 52 .170( a)-(i)). A permit exemption is given 
to: drilling of any well which is completed and equipped to produce no more than 
25,000 gallons per day (GPO); upgrade of a well serving 10 or fewer houses; any well 
used to provide water for poultry and livestock on a farming, ranching, or dairy 
venture; and domestic wells. Further exemptions are given to wells permitted by the 
Railroad Commission of Texas for mineral or energy exploration and for water wells to 
support these activities. Additional exemption is given to all wells with capacities 
between 25,000 and 100,000 GPO extant at the time of passage of the 1985 amendment 
to the Code. Finally, all landowners in the district are guaranteed the rights to drill a 
well and produce water subject to district rules, if there is no pre-existing well on the 
tract equipped to produce more than 25,000 GPO. AU wells exempted under this 
statute, however, are subject to registration and construction and maintenance 
requirements. (Texas Water Code, 1991) 
11.6 VIRGINIA 
In 1973 Virginia adopted a groundwater statute allowing establishment of 
groundwater management areas within which new water uses exceeding 10,000 GPO 
required a permit (Virginia Groundwater Mgmt Act 1992). An enacted 1989 
amendment to the statutory law allows formation of surface water management areas 
(VA Surface Water Management Areas Act 1989) and added several new controls to 
the existing legislation. Within surface water management areas, new water use permit 
applicants must define the impact of the proposed use on existing users. A directive to 
the State Water Control Board (Board) was given to determine water priorities by 
regulation with stipulation that domestic and existing users retain top priority. Water 
conservation is now required and exemption to existing users, at the time of amendment 
passage, became contingent upon approval of a water conservation program by the 
Board. The Board was required to develop surface water management plans for 
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specifically designated basins and was given authority to requrre registration of 
agricultural water users whose use exceeded 1 million gallons in any one month or any 
other user whose withdrawal exceeds a daily average of 10,000 gallons in any month. 
Permits for withdrawal are required only in declared surface water management areas 
where withdrawal exceeds 1 million gallons in a single month for agricultural use or 
300,00 gallons in any month for all other uses. Additionally the amendment addressed 
the topic of allowable uses for both surface and groundwater, as have 26 other states, 
but went a further step to join only five other states which have adopted a clear 
definition of allowable, reasonable, or beneficial use. (SHERK, 1990; AUSNESS, 
1983; Va. Code Ann. 62.1-lO(b); 62.1-44.38(A),(C); VA Surface Water Management 
Areas Act 1989, 62.1-243(A),(C); 62. l-248(B.5),(D)) 
The Virginia Legislature completed the statutory conjunctive water management 
program with passage of the Virginia Ground Water Management Act of 1992. This 
bill enabled the State Water Control Board to form groundwater management areas and 
to establish a groundwater permit system within the designated management area. 
Specific duties of the State Water Control Board include issuance of permits within 
management areas (with exception to coal mining operations), to study and investigate 
groundwater resources as they relate to quality and quantity, to require all groundwater 
users in the state to provide information on groundwater withdrawal and use, to require 
capping of free flowing wells where the water is not put to beneficial use, to enter any 
property to inspect water facilities, and to adopt regulations to enforce the provisions of 
the Act. (Virginia Ground Water Management Act 1992) 
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III LEGISLATIVE ACTION AND ADMINISTRATIVE STRUCTURE 
12.0 LEGISLATIVE INITIATIVES 
In the context of water management, three issues are identified which, if acted 
upon by the appropriate legislative/regulatory body, could provide significantly 
enhanced water management and protection for the Chipuxet Basin, and, indeed, all of 
Rhode Island. These issues are: 
1) English Rule Water Doctrine Abandonment: Many other states abandoned 
this doctrine when competition for water resources became acute (Driscoll, 1986; 
Bouwer, 1978). Fair and equitable use of the resource has led other states to adopt a 
shared-use concept called the Reasonable Use Doctrine. The New England states are 
water-rich. However, increasing demand and competition for water resources will 
eventually necessitate movement away from the English Rule Doctrine. 
2) Regulation/monitoring of water withdrawals: The RIDEM Division of Water 
Resources has issued one ( 1) permit regulating surface water withdrawal but has no 
written policy or regulation to enforce either the permit process or the terms of the 
permit (Susan Adamowicz, personal comm.). The Wellhead Protection Program 
currently is delineating recharge areas to wells based upon best available information on 
current groundwater withdrawals from public wells. The quality of groundwater 
withdrawal information varies widely (Margaret Dein-Bradley, personal comm.). 
Monitoring of groundwater withdrawal would allow two improvements over the current 
system. As has been done in Vermont, delineation of wellhead protection areas could 
be based upon accurate withdrawal data resulting in improved delineation accuracy. 
Accurate withdrawal data would also allow projection of future use requirements. 
Delineations of wellhead protection areas could then be made to protect the resource for 
foreseeable needs, perhaps based upon 20 year growth projections, updated every ten 
years. 
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Surface water quality can be better protected where discharge permits are issued 
by tracking surface water withdrawals and stream flows so that pollutant loads can be 
effectively permitted and managed. Water withdrawals impacts upon adjacent surface 
and groundwater users could be more thoroughly evaluated through monitoring of these 
withdrawals. 
3) Surface/groundwater (SW/GW) interaction: State regulatory policy does not 
consider SW /GW as a single system. This situation could be amended to consider 
surface and groundwater systems, such as the Chipuxet, as a single system. The affects 
hydraulically-linked sources mutually exert would then be managed to avert stream 
flow depletion, groundwater over pumpage (which can permanently reduce aquifer 
capacity), alteration of contaminant flow paths toward public drinking water supplies, 
and a loss of quantity from small to large users. Another consideration is that legal 
precedent established in other states has shown that SW /GW interaction has played an 
important role in litigation. 
To address the concerns articulated above, legislation is proposed (see Appendix 
B, RI Water Management Area Act; see Figure 16, Steps to Implement Mgmt. Plan) 
which would do two things. It would allow formation of locally controlled water 
management areas (WMA's), subject to RIDEM approval and local hearing and 
election. The legislation would also establish a permit system, applicable only within 
the boundaries of the WMA, for all water withdrawals above a threshold of 50,000 
gallons in any single day. Figure 17 presents a flow diagram of how the permit system 
would operate and the steps an applicant would take to obtain a water withdrawal 
permit. Table 21 is keyed to Figure 17 and indicates where in the proposed legislation 
required steps are defined. It also provides for RIDEM to designate critical water use 
control areas which may be wholly within or without or have a portion within an 
established WMA. The RIDEM would have specific powers applicable within a the 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 21. Statutory & WMA Regulatory Provisions for Permit Approval Process 
Figure 17 Section# Title Description 
Reference 
1 46-15.5-20 Use of Water in No withdrawals in WMA 
WMA above 50,000 GPD without a 
permit allowed 
1 46-15.5-22 Permits for existing Establishes permit process for 
water withdrawals in existing withdrawals 
newly established 
WMA's 
2 46-15.5-24 Criteria for issuance RIDEM may consider WMA 
of permits comments in application 
review 
3 46-15.5-26(C) Water withdrawal 
Permits 
4 46-15.5-29 Appeals 
5 Chapter 20. 3 Permit To Operate WMA regulation establishing 
program to issue operating 
permit if terms of RID EM 
permit have been met 
6 46-15.5.13 WMA Powers WMA authority to require 
(12) (15) withdrawal, metering, and 
reporting and to establish 
rules and regs. to govern 
operation and maintenance 
7 46-15.5-13 WMA Powers WMA authority to inspect 
(16) facilities for compliance with 
rules and regs promulgated 
under the WMA Act 
8 46-15.5-30 - Water Withdrawal Enforcement options for 
31 Permits; Penalties WMA and RIDEM 
9 46-15.5-26(C) Water Withdrawal Provisions for permit renewal 
Permits 
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10 46-15.5-19 Designation of Critical Criteria for designation of 
Water Use Control Critical Water Use Control 
Area; Orders; Areas 
Corrective Control 
Measures; Appeals 
10 46-15.5-20 Use of Water in Requires application for a 
WMA or Critical permit to withdraw water in 
Water Use Control these Areas 
Area 
10 46-15.5-23 Permits for other Requires all permitted water 
Water Withdrawals users to have an approved 
water conservation and 
management plan 
10 46-15.5-24 Criteria for Issuance Requires applicant to 
of Permits demonstrate "beneficial use" 
and establishes withdrawals , 
priority for conflicting uses 
10 46-15.5-25 Permits for Public Requires RIDEM to consult 
Water Supplies RIDOH on public water 
supplies to negate conflict 
with drinking water regs. 
10 46-15.5-26 Water Withdrawal Sets terms and conditions for 
Permits water withdrawal permit 
applications 
10 46-15.5-27 Issuance of Special RIDEM authority to issue 
Permits permits outside normal 
procedure where unusual 
situations dictate 
The water management area will be administered at the local level by the 
landowners and water users in the WMA established. The process by which a water 
management area may be formed, the election of a board of directors, and the 
operation of the WMA, including formation of a management plan, are spelled out in 
the proposed legislation. 
The intent of the legislation is to allow local WMA formation and 
administration of water management programs. The programs contained in the 
management plan are to be administered wherever possible in co~junction with existing 
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Federal and State programs. This will not be done as duplication, but rather to bring 
local participation to these regulatory programs and their enforcement. Such an 
approach is predicated upon the belief that local control is often the most effective 
means to gain compliance with the many programs mandated from the Federal and 
State level. Provision is maintained, however, for State action to address problems in 
the face of local authority inaction. It is believed this approach is in concert with the 
recently released USEP A philosophy articulated in their strategy for groundwater 
management in the 1990's (USEPA 1991). 
13.0 ADMINISTRATIVE STRUCTURE AND POWERS 
Canter, Knox, & Fairchild (1987) defined six requirements for a successful 
management program as: 
1) political will for action; 
2) a legal/regulatory setting which defines a framework for the water program and its 
statutory authority; 
3) an organization for program implementation and to coordinate actions with 
agencies and varied governmental levels; 
4) ongoing information gathering to establish baseline conditions, identify problems, 
and monitor management decision impacts; 
5) financial sources to support program activities; and 
6) personnel expertise suitable to achieve the management program goals. 
Political will incorporates four basic elements to initiate change; awareness, and 
executive, internal, and external pressures. Awareness is achieved in the community 
when it understands the extent, severity, reversibility, and solvability of a problem. 
Executive pressure is that applied by a local or state government for action or change in 
the political system. Bureaucratic or internal pressure is exerted by agencies who will 
be involved in the program. Finally, external pressure, which often serves as a catalyst 
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for change, may be instituted by federal agencies, media coverage, research community 
consensus, and organized citizen interest groups. Executive support can take various 
forms including legislative proposal or the adoption of symbolic language decrees or 
proclamations. The latter enhances citizenry cognizance of the overall importance and 
governmental commitment to protection of the resource. 
A legal/regulatory framework requires clear definition of authority to develop 
and enforce provisions of a management program. It will also identify who may hold 
and wield the authority it prescribes. 
An organization must be established under guidelines defined in enabling 
legislation, or through legislatively authorized regulations properly adopted through 
public hearing and comment, and filed with the Secretary of State. This organization 
would then interact with various government levels and coordinate programs among 
local, state, and federal agencies to achieve optimum resource management. Of 
paramount importance is the establishment of this authority to manage an entire aquifer 
and/or basin. This is necessary simply because the natural resource often crosses State 
and/or several municipal boundaries. 
Information gathering is the daily focus for successful management program 
operation. Sharing of information among local governments, state agencies, and the 
management group serve to keep the information flow free and may reduce overall 
costs by cutting down on duplication. 
Financial sources must be identified before initiation of a program. This 
requirement should identify start-up, ongoing, and special project funding sources. 
Start-up costs include office space rental, office supplies, technical equipment purchase, 
one-time fees for phone and electric service hook-up, insurance coverage, and possibly 
a vehicle. Ongoing costs include personnel salaries (minimum of an executive director, 
administrative assistant, and one field technician) and amortized capital costs, such as 
for water supply protection through land purchase. Special project funding covers one-
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time outlays for equipment or studies which are not part of the regular yearly budget. 
Groundwater level and quality monitoring may be either ongoing or special project 
costs dependent upon the activity frequency. 
Some financing sources available for a Chipuxet WMA might include a usage 
fee per thousand gallons of water withdrawn above a daily threshold amount, perhaps 
1000 gallons. Other possible funding sources include state general fund allocation; 
special taxes, fees or charges; and federal grant and assistance programs. Taxes may 
be assessed upon the management area residents who directly benefit from management 
program success through cleaner water. Special fees may be assessed through the State 
regulatory structure for activities which pollute or have a ~igh potential to pollute such 
as UST's, injection wells, septic tanks, and storage sites for hazardous materials. 
Although funding may ultimately become the largest obstacle to management 
plan implementation, if the political will and legal/regulatory framework can be 
brought into place, the ultimate solution to this important aspect may become clearer. 
The personnel running the day-to-day operation are the ultimate key to success. 
These are the persons on the front line who will interact with the community. They 
must not only be technically competent and knowledgeable, but also affable and 
helpful. The executive director must comfortably interact with municipal and state 
officials and local citizens. The effect quality personnel will have on program success 
cannot be over-emphasized. (Canter, Knox & Fairchild 1987) 
As stated in the preceding section, the specifics of administrative structure and 
powers available to a WMA, the role of RID EM, and the interaction between these two 
authorities are conceived in the proposed legislation (Appendix B, RI Water 
Management Area Act). Passage of this legislation and promulgation of regulations 
and policies by RIDEM will further refine the roles of a WMA and RIDEM. 
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IV. CHIPUXET MANAGEMENT PLAN 
14.0 INTRODUCTION: 
A Chipuxet Water Management Area, once formed, will foster local and State 
initiative to preserve and protect water resources for the benefit of all citizens--present 
and future. The impetus for formation of and effective action within this district must 
arise from within the community. Over-use of the Chipuxet Basin and the resulting 
impact to both Chipuxet River and groundwater aquifer quality and availability is 
currently the primary focus issue. 
The need for Chipuxet WMA formation is to protect citizens dependent upon 
groundwater. The wellhead protection area (WHPA) program focuses upon public 
water supplies, and thus only affords protection to the aquifer portion within public 
well recharge areas. The numerous citizens with private wells outside the WHPA 
remain unprotected by this program. The ultimate goal of this proposal is in direct line 
with the USEPA strategy -- comprehensive aquifer protection. This means whole 
aquifer management for a simple reason, EPA has learned it is cheaper to prevent 
groundwater contamination than to clean it up. In fact, they have discovered that 
contamination cannot always be removed no matter the cost. Clearly, the old adage, 
"an once of prevention .... ," applies. 
A central problem in Chipuxet Aquifer management arises from the fact that the 
Aquifer physically spans across the three municipalities of Exeter, North Kingstown, 
and South Kingstown. Under existing laws, no framework or authority exists for these 
towns to develop a strong groundwater protection program, no matter how strong the 
desire or political will. The towns have gone the distance locally by enacting zoning 
ordinances and establishing Ground Water Protection Districts. The towns' next 
available option is to foment change in the Legislature by working toward 
establishment of authority to plug gaps in Rhode Island's groundwater protection 
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approach. Legislation and a management plan is proposed herein to begin the 
development process of a comprehensive groundwater management strategy. The 
alternative is to wait until the regulatory and legislative gaps allow a critical 
groundwater problem to occur. The information presented in this document 
demonstrates that, at least for the Chipuxet Aquifer, a problem looms on the horizon. 
Although no statute currently exists to authorize and define powers of a local 
WMA, this plan presents components that presuppose its existence. Without statute 
enactment the plan severely weakens but may apply in amended form toward the 
groundwater protection goals under the limited existing law. This action entails 
deletion of the ground and surface water permit and certificate to operate programs 
described in Sections 20 .1-20. 3. Appended to this plan is a proposed statute developed 
primarily from existing statutes in Virginia and Kansas. It has been modified to fit the 
particular hydrologic and administrative situation in Rhode Island. 
Formation of the Chipuxet Aquifer Steering Committee in the Spring of 1990 
lead directly to the development of this plan. The Steering Committee was initially 
formed due to concerns about large proposed groundwater uses. It was comprised of 
the University administration and academics, the Kingston Water District (KWD), and 
representatives of the Towns of North Kingstown, South Kingstown, and Exeter. The 
Wakefield Water Company was invited to participate but declined. The first step taken 
was to summarize the existing scientific knowledge of the Chipuxet River and Aquifer. 
This step was completed in October 1991 when the committee released a document 
entitled "Chipuxet Aquifer: Characteristics, Usage, and Management Considerations." 
This subsequent management plan represents the next logical step. Presented in this 
document is a group of ideas, actions, and mechanisms which will allow the local 
community to take positive action to protect, enhance, and wisely use the natural water 
resources of the Chipuxet River and Aquifer. 
Bolded terms are defined in the glossary appended to this plan. 
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15.0 GOALS/PURPOSE 
It shall be the express intent of the Chipuxet Water Management Area to 
promote the following actions with respect to water use in the Chipuxet Basin: 
1. local development, organization, and administration of conservation and proper 
conjunctive management of water resources in the WMA; 
2. creation of a framework by which local water users can determine their own 
approach to management and wise use of water; 
3. emphasis and pursuit of a pro-active approach to water management to prevent 
future problems , minimize economic loss, and maximize environmental quality; 
4. participation in and support of research and education to enhance realization of 
proper use and management of limited water resources; 
5. optimization of economic and social benefits of water use, development, and 
management; and 
6. cooperation with Federal, State, and local governments to further WMA objectives. 
(Northwest Kansas GMD 1991; Harris-Galveston CSD; S. Florida WMD 1991; 
Suwanee River WMD 1992) 
16.0 DESCRIPTION OF MANAGEMENT AREA 
16.1 LOCATION 
The Chipuxet Aquifer and River are located in southwestern Rhode Island on 
the west side of Narragansett Bay. Portions of the Aquifer lie in the Towns of North 
Kingstown, Exeter, and South Kingstown, although the River only flows through the 
latter two of these three. In Exeter, the Chipuxet River initially flows eastward from 
its headwaters at The Reservoir, located south of West Allenton Road and Huckleberry 
Hill (see Figure 1), then turns southward. It continues winding its way through South 
Kingstown and south of its groundwater reservoir, finally emptying into Worden 
Pond. The Chipuxet Aquifer extends across the flat Chipuxet Valley from the 
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headwaters southward to about a half mile south of Larkin Pond. In most locations, 
the aquifer ends abruptly at the Valley walls where the porous sediments comprising the 
aquifer lie against compact low permeability glacial till. In two locations the aquifer 
boundary is actually moveable and is termed a water table divide. These two 
locations are near Route 2 northeast of the intersection of Routes 2 and 138 where the 
groundwater divide separates the Chipuxet Aquifer from the Usquepaug-Queen Aquifer 
and in the northeastern Aquifer comer where the groundwater divide separates the 
Chipuxet Aquifer from North Kingstown's Annaquatucket Aquifer. To the south, 
approximately at the northern edge of the Great Swamp, the southern aquifer boundary 
is formed by a transition from coarse to fine sediments. (Johnston & Dickerman 1985) 
In area, the Chipuxet River Basin and Aquifer are 9.99 and 10.6 square miles, 
respectively (Allen, Glenn, & Brackley, 1966). 
16.2 CLIMATE 
The Chipuxet Basin has a stable climate. Precipitation (PPT) is generally even 
throughout the year, although it is highly variable from year to year. Prevalent winds 
are northwesterly from December through March and southwesterly the remainder of 
the year. The Rhode Island climate does not result from a single controlling weather 
regime, rather it is controlled by a large variety of weather patterns moderated by 
proximity to the coast. For these reasons, weather averages must be viewed cautiously 
for planning purposes and should be supplemented by more detailed climatological 
analysis. Weather averages, however, are useful to describe general conditions which 
have occurred in the past. (Brumbach 1936-65; Pack 1959) 
The Kingston station has been recording weather conditions since 1888 and is 
located on the URI Agronomy Farm, 3 miles northeast of Worden Pond and its 
surrounding marsh and swamp areas (Brumbach 1936-65). A standard climatological 
measurement is a normal or thirty year average. Precipitation normals at the Kingston 
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station have been on the rise in the latter half of this century. This is illustrated by the 
normals at the end of the past three decades. 




In the sixty year period from 1931-1990 the annual precipitation extremes were 
31.76 inches in 1943 and 68.48 inches in 1972. (URI Agricultural Experiment Station 
1931-1991) 
Temperatures at the URI Kingston Agricultural Experiment Station for the 
period 1961-1990 displayed an annual maximum of 59.9°F and a minimum of 38.7°F 
with a normal of 49.3°F. (National Oceanic & Atmospheric Admin. 1961-1990) 
Groundwater temperature is directly related to the mean annual air temperature. 
Groundwater temperature is relatively constant year-round and is usually 1-2°C greater 
than the mean normal air temperature. (Freeze & Cherry 1979) 
On a mean of 9 years in 10, the growing season in Kingston averaged 122 
consecutive days with a minimum temperature greater than 32°F. This was true for the 
period from 1951-1973. ( Soil Survey of Rhode Island 1981, Table 5, p98) 
Precipitation data collected at the URI Agricultural Experiment Station in Kingston are 
contained in Appendix F. 
16.3 SOILS 
The soil types within the Chipuxet basin are highly varied. Upland areas 
generally contain stony, low permeability soils unsuited to farming. The flat valley 
bottom contains high permeability soils well suited to farming and with a large 
availability of groundwater. 
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The major soil types found overlying the Chipuxet Groundwater reservoir are 
Enfield and Bridgehampton silt loams. Within several feet of the surface, generally the 
plant root zone, these soils have a moderate permeability. Below this depth, however, 
the permeability increases significantly. This characteristic creates the need for careful 
design and construction of septic systems to prevent the pollution of groundwater. 
These soils are, however, well suited to cultivated crops. Lesser amounts of 
Bridgehampton-Charlton Complex are also found within the groundwater reservoir 
boundary. These soils are similar to the above except their very stony nature makes 
them difficult to farm and where the Charlton component is present the permeability is 
lower. 
Significant coverage of upland terrain within the Chipuxet Basin consists of Scio 
and Narragansett silt loams, Canton and Charlton soils, and Canton Urban Land 
Complex. Scio soils have a moderate permeability near the surface that varies from 
slow to rapid below a depth of several feet. They display a seasonal high water table at 
approximately 20 inches below the surface from late fall to early spring. Though 
suited to woodlands, the gently sloping areas are often farmed. The Narragansett, 
Canton and Charlton, and Canton Urban Land complex have a permeability which is 
moderate within several feet of the surface and rapid below this zone. These soils are 
unsuited to cultivation. 
Numerous other soil types are mapped within the Chipuxet basin but with less 
frequency. The U. S. Department of Agriculture, Soil Conservation Service 
publication entitled "Soil Survey of Rhode Island" should be consulted and site 
reconnaissance performed by a qualified individual to identify site specific soils and 
their characteristics. (Soil Survey of Rhode Island 1981) 
16.4 DRAINAGE 
The Chipuxet WMA contains the Chipuxet River, Chickasheen Brook, and the 
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underlying Chipuxet Aquifer. Worden Pond drains the Chipuxet River and is also the 
headwater of the Paw ca tuck River. This makes the Chipuxet River a tributary in the 
Pawcatuck River Basin. The Chickasheen Brook drains into the Usquepaug River 
which in turn empties into the Pawcatuck River. Water flow and limited quality data 
for the Chipuxet River at Route 138 has been collected by the USGS since 1973 and is 
presented in Appendix E. The entire Pawcatuck River Basin contains several aquifers 
which, taken together, are a Federally designated Sole Source Aquifer. The Chipuxet 
Aquifer discharges water continually into the Chipuxet River streambed. Another 
natural outlet for Chipuxet groundwater may exist as flow in a buried valley under the 
Charlestown Moraine. (Johnston & Dickerman 1985; Drish & Spizuoco 1991) 
16.5 WATER RESOURCES 
The Chipuxet Aquifer is the sole aquifer in the WMA although it is physically 
connected by groundwater divides to the Usquepaug-Queen and Annaquatucket 
aquifers. The Chipuxet Aquifer supplied an estimated 1.08 million gallons per day 
(GPD) to its users in 1990. It is used primarily to supply approximately 750,000-
900,000 gallons daily of drinking water. Some additional groundwater is used for 
industrial uses of less than 100,000 GPD. 
The Chipuxet River is used for irrigation water during low rainfall periods, 
generally between June and September. Average estimated irrigation volumes for this 
time period are weather dependent and range from approximately 240,000 to 1,400,000 
GPD. In the period between July and October, the Chipuxet River reaches its lowest 
flow which is almost entirely comprised of groundwater discharged to the stream bed. 
The adjacent Chipuxet and Usquepaug-Queen river systems today are the main 
tributaries to the Pawcatuck River, which starts at Worden Pond and flows to the 
southwest, in the Upper Pawcatuck River Basin. From about 285 million years ago to 
about 100,000 years ago, these two rivers flowed along a very different course. In that 
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time span they combined to erode a deep bedrock valley which drained southeastward 
under what is today known as the Charlestown Moraine. Well logs indicate the 
maximum depth of this bedrock valley to exceed 200 feet. Continental glaciation in the 
last 10,000-100,000 years has buried this valley under a thick sheet of glacial outwash. 
This glacial outwash (also called stratified drift) is comprised of moderately to well 
sorted sand, silt, gravel, and boulders. These sediments provide a storage area for a 
vast quantity of groundwater. The glacial sediments and water together are called the 
Usquepaug-Queen and Chipuxet aquifers. These aquifers are considered to be distinct. 
They do, however, share a common boundary, a groundwater divide, located northeast 
of the intersection of Routes 2 and 138 and are each capable of yielding a significant 
volume of high quality water. 
The Chipuxet Groundwater Reservoir is another hydrologic unit of importance. 
A Groundwater Reservoir is defined by the RIDEM Division of Groundwater and 
ISDS as a geologic formation which contains both a saturated thickness of at least 40 
feet and a transmissivity of at least 4000 feet squared per day. By its definition, a 
groundwater reservoir is contained entirely within an aquifer. (Johnston & Dickerman 
1985; Urish & Spizuoco 1991) 
17.0 MANAGEMENT STRUCTURE AND ADMINISTRATION 
The WMA shall be governed by a nine member board. The following 
constraints shall apply to this board. 
1. The board shall be comprised of: 
a. three members, one each appointed by the Towns of Exeter, South 
Kingstown, and North Kingstown; 
b. one member appointed by the Kingston Water District; 
c. two members appointed by the president of URI, one of whom shall be 
knowledgeable in the natural or physical sciences or engineering; and 
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d. three members elected at large all of whom shall either reside, be a 
landowner, or be a registered user of water extracted from within the 
WMA boundaries; 
2. The board member terms in 1 a-c shall be two years each. In the first at large 
election, the two candidates receiving the highest vote totals shall be elected 
each to a term of two years, the candidate with the third highest vote total shall 
be elected to a term of one year. All subsequent board member terms are to be 
a length of two years. 
3. The board president is to be elected annually from among the board members by 
a simple majority vote of the board members. 
4. The board is to meet at least four times per year with a quorum of at least six 
(6) members. Additional meetings may be held at the discretion of the board 
president. 
18.0 REGULATIONS, POLICIES, AND POLICY RESOLUTION 
18.1 DEFINITIONS 
See the definitions section of the proposed statute, Appendix B, Section 46-
15.5-4, and the glossary in Appendix A. 
18.2 MANAGEMENT POLICY 
The management policy tenets are hereby stated to include the following and 
form the basis for the actions of the Board: 
1. Develop both water supply and demand programs to achieve a balance in water 
management. 
2. Involve water rights holders in the management process. 
3. Garner support from the residents, landowners, and water users of the WMA, 
as it is crucial to management program success. Therefore, public participation 
and education are essential program components. 
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4. Balance, to the greatest extent possible, the protection of both water quality and 
quantity aspects of the resource. Foster explicit recognition that these dual 
issues are significantly linked due to the nature of the aquifer and riverine 
systems. 
5. Educate and provide input on a sustained basis to those involved in the 
legislative process. Monitor, provide testimony, and inform WMA members of 
the impact of legislation. Offer and support legislation which enhances sound 
management principles. 
6. Pro-actively manage, but consider both economic impacts and feasibility, and be 
consistent with and enhance the quality of life in the community. Incorporate 
existing Federal, State, and local programs into WMA programs to avoid 
duplication and maximize efficiency. 
7. Sustain marketability of water rights as an important component necessary to 
promote economic, efficient, and beneficial use of the resource. 
8. Utilize the lowest possible quality water wherever economically and 
technologically feasible. 
9. Maintain agricultural activities including crop production and livestock raising 
as important aspects of the cultural heritage of the Chipuxet WMA and guide 
management actions to preserve these activities wherever possible. 
10. Create institutional stability and predictability in water management programs 
by supplying certainty to water resource issues. 
11. Provide technical assistance to local governments, state agencies, water supply 
entities, industry, and private citizens. 
12. Seek cooperative agendas with state and federal programs to achieve 
overlapping goals and to bring a local component to these regulatory programs. 
(Equus Beds GWMD No. 2 1990; Tucson AMA 1991; Prescott AMA 1991; Phoenix 
AMA 1991; Suwanee River WMD 1992) 
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19.0 CHIPUXET MANAGEMENT PROBLEMS 
This management plan addresses each of the ten existing Chipuxet Basin 
management problems described below. 
19.1 WATER RIGHTS ADMINISTRATION 
PROBLEM: Rhode Island statutory law and hence the regulatory requirements 
are silent on the issue of administered groundwater rights. Currently the Rhode Island 
legal doctrine of absolute ownership is applied to groundwater. Under this doctrine 
anyone may withdraw an unlimited amount of groundwater as long as it is not done to 
intentionally or negligently injure a neighboring use. Under existing law, nothing can 
be done by state or local officials to prevent excessive groundwater withdrawal. Action 
can only be taken after a significant problem occurs. 
SYMPTOMS: The time between onset of a declining water table and a 
subsequent remedy would be months and possibly even several years. In the meantime, 
aquifer depletion may cause domestic and business private well owners to experience 
decreased water pressure, burnt out pumps, increased incidence of bacterial 
contamination in shallow wells, and some dry wells. KWD and the URI water system 
could suffer water quantity and quality problems due to their location in an area where 
intense withdrawal could cause severe well interference. Quantity problems may range 
from increased pumping costs to insufficient water availability. Quality problems may 
stem from infiltrating surface water and contaminants. 
PROBLEM: Surface water withdrawals are not regulated. Large surface water 
withdrawals on water bodies which receive permitted waste discharges are regulated to 
maintain the assimilative capacity of the water body. The Chipuxet River receives no 
permitted waste discharge, therefore no regulation of withdrawals can occur. 
SYMPTOM: Extreme surface water withdrawals can reduce the flow of the 
Chipuxet River. This may result in fish kills as water and oxygen levels drop and 
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water temperature increases, decreased water quality, and decreased recreational use of 
the River and its ponds. 
PROBLEM: No regulatory determination of minimum stream flows. The 
conjunctive nature of the Chipuxet River and Aquifer means that groundwater 
withdrawals may decrease stream flow and establishment of minimum seasonal stream 
flows will clarify allowable groundwater withdrawals. 
SYMPTOM: Inability of RID EM to establish stratified drift aquifer yield. 
19.2 DATA COLLECTION 
PROBLEM: No requirement exists in any state regulatory program for metering 
and reporting of groundwater withdrawals and no aquifer-wide network of groundwater 
monitoring wells are monitored to track groundwater table fluxes. 
SYMPTOM: The lack of withdrawal reporting makes it difficult, if not 
impossible, to monitor or predict changes in water table elevations. This lack of basic 
information means that if a severe water table decline is occurring or imminent, no 
State or local government will know about it until the severe symptoms of water table 
decline (described above) become obvious. Similarly, without groundwater monitoring 
a declining water table trend will not be detected. Though the United States Geological 
Survey (USGS) does monitor and maintain selected monitoring wells statewide, the 
number and location of wells is not sufficiently extensive to track localized 
groundwater table decline. 
19.3 WATER QUALITY AND QUANTITY RELATIONSHIP 
PROBLEM: No regulatory program exists to review the hydraulically related 
issues of quality and quantity in relation to a proposed project. Although the RIDOH 
Water Supply and Pollution Control Division and two RIDEM Divisions, Water 
Resources and Groundwater and ISDS, have regulations pertaining to public drinking 
water quality, and surface and groundwater quality, respectively, these programs have 
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no quantity aspect to them. 
SYMPTOMS: Aquifer depletion resulting in lowered water table or, in a severe 
circumstance, permanent aquifer yield reduction due to compaction may result. Due to 
a large groundwater withdrawal the migration or diversion of a contaminant plume 
towards a drinking water well may also occur. 
19.4 PUBLIC EDUCATION 
PROBLEM: A partial list of activities detrimental to groundwater quality, 
which often arise from a lack of knowledge about groundwater flow, is presented 
below. These activities often allow leaching of contaminants into groundwater under 
conditions preventable through education. They include the water quality effects of 
waste oil dumping in pits or "outback;" discharge of chemicals, petroleum products, 
and pesticides into septic systems and dry wells; excessive pesticide and fertilizer 
applications; leaching from animal manure pits; spreading manure on frozen ground; 
careless use and storage of pesticides, chemicals, and petroleum products near well 
casings; and illegal midnight dumping of waste in pits and along roadsides. Water 
quantity is mainly impacted through wasteful water use. 
SYMPTOMS: Deteriorating water quality in domestic wells, failing septic 
systems overloaded with chemicals, decreased availability of potable water, and 
increased risk to human health. 
19.5 WATER CONSERVATION 
PROBLEM: Inadequate scope of water conservation efforts and lack of an 
established program could lead to a shortage of potable water. The main mechanism of 
basin water loss is currently through sanitary sewers whose treated water is discharged 
outside the basin. In the future, the exportation of basin drinking water could add 
significantly to this amount. A conservation program will strive to reduce current uses 
and also track the available supply for early identification of a developing problem. 
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20.0 WATER QUALITY AND QUANTITY MANAGEMENT 
20.1 GROUNDWATER PERMIT SYSTEM 
A groundwater permit system authorized by the proposed statute (see Appendix 
B) is the only way groundwater quantity can be managed. Such a system would define 
basic standards for well location and construction, water quality, and quantity testing, 
withdrawal permits, well interference criteria to protect existing well owners, and 
delineation of a wellhead protection area. These standards will be applied to wells 
above a threshold pumping amount of 50,000 gallons on any single day. Furthermore, 
the permit system would also function as an information gathering and disseminating 
system and would ensure proper caution is taken in locating and constructing a well. 
This statute departs from the approach previously taken in Rhode Island in that it treats 
the issues of water quality and quantity as hydrologically related, which they are, and 
only applies permit requirements within designated WMA' s or in critical water use 
control areas. No criteria exist to deny any applicant a permit who meets the basic 
requirements of this system, as long as there is water available . 
In times of shortage, however, this system allows RID EM or its designee to 
make informed decisions based upon knowledge of well capacities and pumping rates. 
A host of options become available to managers in a water crisis. These include 
alternating pumping schedules, reduction in total pumping, temporary moratoria on 
new well drilling, mandatory conservation measures, and technical assistance to water 
users. 
Individual components of a groundwater permit system should include: 
a. Allowable withdrawals defined by the demonstrated demand, hydraulic capacity 
of the well, and interference with existing wells and competing uses reviewed in 
light of their economic benefit to the community. ; 
b. Well spacing criteria defined by the interference potential and the proposed rate 
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of water withdrawal; 
c. Metering of water withdrawal and use, which are the most basic and often 
important information gathered. Collection of this information will tell the 
groundwater user how much water is pumped and how much used. This will 
help identify problems such as line leaks and overuse or water waste. 
Identification of a vast amount of water use or loss may provide incentive to 
reduce usage or repair system deficiencies.; 
d. Water use reporting and monitoring. This is a vital aspect of any management 
program. This information will be analyzed by the WMA to guide judgment in 
times of drought (lowered water table) and to assure compliance with permitted 
withdrawal amounts. The WMA personnel shall maintain the right to inspect 
any well and its metering and/ or monitoring equipment; 
e. A permit term generally for a period not to exceed 10 years which may be 
extended for up to 20 years for a public community water supplier or 
municipality to retire bonds for water and wastewater works projects. 
Thereafter, application for permit renewal is required; 
g. Change of a diversion point procedures and requirements applicable to both 
surface and groundwater users who wish to switch their point of water 
extraction from surface to groundwater or vice versa. This requires review of 
projected hydrologic changes caused by a change in the diversion point. The 
high degree of interaction between surface and groundwater in the Chipuxet 
Basin may generally allow such switches without significant impact; 
h. Well construction criteria which cite standards contained in the Division of 
Groundwater and ISDS regulations entitled Relating to the Drilling of Drinking 
Water Wells. After the effective date of this plan, all well drillers should be 
required to submit a drillers log and well completion report to the WMA office 
for each well completed within the WMA. These reports will be kept on file in 
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the WMA office; 
1. Well siting criteria which require a thorough assessment of nearby known and 
potential contaminant sources made prior to drilling any well whose demand is 
anticipated to be 50,000 gallons or more in any single day; 
j. Water quality standards which cite criteria established by the RIDOH Water 
Supply and Pollution Control Division for drinking water wells and wells whose 
water meets these criteria. For wells whose water quality falls below the 
RIDOH standards, the RIDEM Division of Groundwater and ISDS groundwater 
standards contained in Rules & Regulations for Groundwater Quality shall 
apply; and 
k. Wellhead protection area delineation by the permit applicant which will be 
reviewed by the RIDEM Division of Groundwater and ISDS. A copy of this 
delineation shall be submitted to the WMA office and maintained on file; 
(Northwest Kansas GWMD No. 4 1991; Equus Beds GWMD No. 2 1990; Harris-
Galveston CSD; Tucson AMA 1991; Prescott AMA 1991; Phoenix AMA 1991; South 
Florida WMD 1991; Suwanee River WMD 1992) 
20.2 SURFACE WATER WITHDRAWALS 
A permit system for surface water withdrawals above a RIDEM defined 
threshold volume will be administered within the WMA by RIDEM. A data base will 
be constructed to maintain an overview of surface water withdrawals and assist users to 
apply water efficiently and identify non-conflicting withdrawal points. The location, 
quantity, and duration of surface water withdrawals, currently limited to agricultural 
uses, may have a significant impact upon water flow in the Chipuxet River and also in 
the Aquifer as well. In time of drought, a switch to groundwater withdrawal and/or a 
reduction of groundwater use to sustain agricultural uses may be required. (South 
Florida WMD 1991; Suwanee River WMD 1992) 
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20.3 CERTIFICATE TO OPERATE 
A certificate to operate program and enforcement powers should be contained 
within WMA regulations. These regulations should require a RIDEM permit holder to 
apply for an WMA operating certificate within six months of initiating a new 
withdrawal or receiving a RIDEM permit or RIDEM permit modification for an 
existing withdrawal. An operating certificate will be automatically issued by the WMA 
if the applicant is in full compliance with all terms, conditions, and milestones set forth 
in the valid RIDEM permit. 
20.4 TECHNICAL ASSISTANCE 
WMA personnel will provide technical assistance to Area residents wherever 
possible. Assistance may be in such diverse forms as location and repair of water 
leaks, pump and distribution system maintenance and repair, calibration of flow meters, 
demonstration of conservation techniques, public education in schools, to civic groups, 
and to farmers and industry, and assistance in preparing applications for a water use 
permit. (Equus Beds GWMD No. 2 1990; Panhandle GWCD No. 3 ; North Plains 
GWCD No. 2 1991) 
20.5 DATA COLLECTION 
A data collection program will be initiated to include groundwater elevation 
monitoring, surface and groundwater quality, surface water flow, and precipitation. 
This program will consist of information gathering, actual field measurements, and data 
banking & analysis in the Rhode Island Geographic Information System (RIGIS). The 
data bank will contain water withdrawal rates, locations, users, and aggregate amounts, 
and also a mailing list of water rights holders and land owners for informational on 
mailings and enforcement. 
The United States Geological Survey (USGS) currently collects continuous data 
Chipuxet River Flow at Route 138 and near-continuous groundwater elevation 
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monitoring at an observation well located adjacent to the URI football field. USGS 
also collects periodic surface water quality from the Chipuxet River. The URI 
Agricultural Experiment Station currently collects climatological data in Kingston. 
This program will assess the frequency and location of available information 
and may choose to collect additional data to complete the data needs of any 
management plan aspect. One component which needs establishment is a groundwater 
elevation monitoring program. The information gathered will assist in monitoring 
seasonal and yearly trends of water table fluctuation. By tracking water table trends 
accurate quantification of the actual overall impact of withdrawals will be made. 
Additionally, this data will continually supply fresh data to check the accuracy of a 
computer model simulation of aquifer behavior. In this way, necessary short term 
action may be identified and informed long range planning may be fulfilled. This 
information will be distributed to owners of observation wells annually and will be 
made available to the public. 
(Northwest Kansas GWMD No. 4 1991; Equus Beds GWMD No. 2 1990; Panhandle 
GWCD No. 3; Sandy Land Underground WCD 1992; North Plains GWCD No. 2 
1991; Tucson AMA 1991; Prescott AMA 1991; Phoenix AMA 1991; South Florida 
WMD 1991; Suwanee River WMD 1992; Drish & Spizuoco 1991) 
20.6 WATER CONSERVATION PROGRAM 
Design and implementation of a water conservation program will be undertaken. 
This will consist of technical recommendations to homeowners, businesses, industry, 
and farmers to assist in a reasonable reduction of wasteful water practices, loss due to 
leakage, and usage. This program will include education, commercial and industrial 
water reclamation and recycling and use of alternate or lower quality waters. 
Information will be disseminated on low flow shower head, faucet fixture, and flush 
toilet effectiveness. Fixtures purchased wholesale will be made available at cost. 
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Groundwater recharge may also be considered where economically and technologically 
feasible. Education, however, is the most important factor in a successful program. 
Resistance to lower use appliances and fixtures will result in their removal or disabling. 
It becomes imperative that water users become familiar with the latest technologies 
which are capable of reducing water use while maintaining a performance near that of 
the replaced item. 
(Northwest Kansas GWMD No. 4 1991; Equus Beds GWMD No. 2 1990; Harris-
Galveston CSD; Sandy Land Underground WCD 1992; Panhandle GWCD No. 3 1992; 
North Plains GWCD No. 2 1991; Tucson AMA 1991; Prescott AMA 1991; Phoenix 
AMA 1991; South Florida WMD 1991; Suwanee River WMD 1992) 
20. 7 DISPOSITION OF ABANDONED AND UNUSED WELLS 
It shall be a policy to catalogue all wells in the WMA and to maintain record of 
usage, on an annual basis wherever possible. Wells shall be identified as or are to be 
abandoned in accordance with the RIDEM Division of Groundwater and ISDS 
regulations entitled Drilling of Drinking Water Wells. Personnel will work with the 
RIDEM and the responsible party to assure such wells are properly abandoned. In 
cases where a responsible party refuses or cannot be identified, the WMA, at its own 
expense, shall take action to properly abandon the well or bring it into use. Legal 
action may be initiated to recover the costs incurred for abandonment, or in hardship 
cases, costs waived by a majority vote of the Board. (Northwest Kansas GWMD No. 4 
1991; Equus Beds GWMD No. 2 1990; Harris-Galveston CSD; Sandy Land 
Underground WCD 1992; Suwanee River WMD 1992) 
20.8 ENFORCEMENT: NON-COMPLIANCE, COMPLAINTS, AND 
INSPECTIONS 
It is an explicit intention that fairness dictates adherence to rules and regulations 
put forth by the Board, after public hearing, testimony, and with approval of the 
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appropriate RIDEM Division, be maintained. 
The Board shall adopt, and make public, procedures for formal complaints and 
subsequent investigation by WMA personnel. Upon receipt of a formal complaint, an 
investigation shall be made and a report of findings presented to the Board. Where 
required by law, WMA personnel may report findings of a situation to the appropriate 
State agency. Upon findings by the board of complaint validity, procedural action 
defined in the rules and regulations will be initiated. 
In accordance with the goals of this WMA to manage for community benefit, all 
complaints will be settled as quickly as possible in a sound scientific manner. No 
penalty beyond strict remedy of the matter may be imposed. In extreme and repeated 
instances, however, recommendation may be made for permit revocation to the permit 
issuing State agency. (Northwest Kansas GWMD No. 4 1991; Equus Beds GWMD No. 
2 1990; Harris-Galveston CSD; Tucson AMA 1991; Prescott AMA 1991; Phoenix 
AMA 1991) 
20.9 POTENTIAL CONTAMINANT SITES INVENTORY/INSPECTION 
Periodic inspection of hazardous material and petroleum product storage, 
handling, and transportation in existing establishments located within the Chipuxet 
Basin will occur. Inspectors will review and recommend best management practices at 
each site. Inspections of gas stations, print shops, lumber yards, and agricultural 
facilities and inspection of university facilities will be made to maintain a high level of 
protection against spills, leaks, and improper handling and storage. Written 
recommendation for upgrade would be provided following the inspection. 
Recommendations may include, but are not limited to, sealing of floor drains not 
connected to the sanitary sewer, relocation of storage areas, containment/recovery 
precautions in potential spills areas, and general upgrade to best management practices 
where practical. (Northwest Kansas GWMD No. 4 1991; Suwanee River WMD 1992; 
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U rish & Spizuoco 1991) 
20.10 UNDERGROUND STORAGE TANK PROGRAM 
Development and implementation of an underground storage tank (UST) 
program in cooperation with the RIDEM Division of Air and Hazardous Materials-Oil 
Pollution Control and Underground Storage Tank Section will be undertaken. This 
program shall exist to increase early detection of leaks and to benefit underground 
storage tank owners by assisting in monitoring, record keeping, daily inspections, and 
general maintenance of a system. The state program is federally mandated and is well 
defined, however the large number of tanks statewide hampers the ability of state 
officials to closely monitor them all. Personnel shall become knowledgeable of tank 
operation and maintenance and provide assistance to tank owners. The goal of this 
cooperative program is to avoid release of oils and hazardous materials to the 
environment. A smoothly operating program may enhance the environment and save 
local tank owners effort and financial resources through early discovery and correction 
of problems. (U rish & Spizuoco 1991) 
20.11 LOCAL INJECTION CONTROL PROGRAM 
This program will be both educational and offer technical assistance to ISDS, 
dry well, and underground injection facility operators. Like the UST Program, 
cooperative effort will be implemented with the RIDEM. Recommendations will be 
made and assistance given to private and commercial facility operators. Homeowners, 
in particular, will be educated on how to maintain a healthy population of bacteria in 
their septic systems and given guidelines to suggest when to empty the tank. 
Education, as always, must play an important role. (Drish & Spizuoco 1991) 
20.12 WATER QUALITY SAMPLING 
Designation of monitor points for periodic sampling of surface and groundwater 
quality will be made. The frequency of sampling may depend on the known or 
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expected quality in specific locales. The District will strive to maintain a minimum 
network of wells monitored semi-annually to quarterly. Cooperative effort may be 
undertaken with the RIDEM, RIDOH, or URI Civil Engineering Department in order 
to maintain a current data base and to limit sampling and analytical costs. (Northwest 
Kansas GWMD No. 4 1991; Panhandle GWCD No. 3; Sandy Land Underground 
WCD 1992; North Plains GWCD No. 2 1991; Tucson AMA 1991; Prescott AMA 
1991; Phoenix AMA 1991; South Florida WMD 1991; Suwanee River WMD 1992; 
U rish & Spizuoco 1991) 
20.13 PUBLIC RELATIONS AND EDUCATION 
Continuing effort will be made to increase knowledge and understanding of 
programs and of water resource issues among the general public. In addition, 
opportunity to educate persons involved in the legislative process will be sought. 
Locally, the success of any management program depends directly upon the support, 
cooperation, and participation of its citizens. Through education, both understanding 
and awareness of management actions and water resource management issues is 
increased in the community. The result can be cleaner and more plentiful water and 
active support in the community as fewer accidental releases of pollutants occur and 
positive actions impact the environment favorably. 
Educational programs will be brought upon request to schools, civic groups, 
town councils, 4-H clubs and scouting groups, businesses, and to agricultural seminars 
and other meetings. Information will also be distributed through news articles and 
press releases, a quarterly newsletter, and publications and reports on specific and 
timely topics. The WMA will strive to provide teaching materials on water issues to 
teachers. For example, book covers may be provided to high school students to 
advertise the WMA and to stress the importance of water conservation, protection, etc .. 
(Northwest Kansas GWMD No. 4 1991; Equus Beds GWMD No. 2 1990; Harris-
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Galveston CSD; Sandy Land Underground WCD 1992; Panhandle GWCD No. 3 1992; 
North Plains GWCD No. 2 1991; Urish & Spizuoco 1991) 
20.14 GROUNDWATER MODELING 
The development of a groundwater computer model will be a primary goal of 
the WMA. The developed model will have the capability to predict water flow patterns 
under changing conditions. These conditions will include recharge rates, groundwater 
pumping rates and schedules, and varying surface water flows and withdrawals. On 
water quality issues, the model must have a capability to accurately predict contaminant 
concentration distribution, both horizontally and vertically, resulting from one-time 
large spills, intermittent releases, and long-term steady release of pollutants from both 
above and below the ground surface. 
This model will be used in drought conditions to determine optimum adjustment 
of pumping schedules, rates, and places of withdrawal. It should also predict impact of 
newly proposed withdrawals on existing conditions, impact of spills on water quality 
near drinking water wells, and if diversion of an existing contaminant plume will result 
from a new withdrawal or an increase in an existing withdrawal. These are highly 
complex questions requiring a highly complex model. (Urish & Spizuoco 1991) 
20.15 ROAD SALT AND USE RESTRICTIONS 
Study will be undertaken and recommendation made to assess the need for and 
the locations of transport restrictions for carriers of oils or hazardous materials and of 
reduced road salt application in the Chipuxet Basin. Both Plains Road and Route 138 
pass very close to Kingston Water District wells #1 and #2 and Plains Road reasonably 
close to the three URI wells. Future rerouting of Route 138, if it occurs, will also pose 
a risk to water quality not only from road salting but also spills and runoff of petroleum 
products and chemicals. Recommendations may be made to the RI Department of 
Transportation (RIDOT) and to local municipalities for zones of restricted transport and 
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salt application. Posted roadway signs would identify these zones to motorists, 
transporters, and state and local officials and employees. (Drish & Spizuoco 1991) 
20.16 EMERGENCY AND CONTINGENCY PLANNING 
This program will be cooperatively implemented with the RIDEM Division of 
Water Supply Planning. The WMA will act as a clearing house of detailed information 
on existence of equipment, spare parts, and details of individual water system 
operations and maintenance. In a statewide drought or localized emergency, WMA 
personnel will have important information readily available or know where to get quick 
answers to assist in situation response. (Drish & Spizuoco 1991) 
20.17 URI ENVIRONMENT AL MANAGEMENT RESPONSIBILITY 
The WMA Board will urge enhancement and assist the University of Rhode 
Island in maintaining an in-house environmental management program. Both the Board 
and URI should recognize the importance of strict environmental controls on the 
university campus and particularly in the university maintenance area and on the 
athletic fields. The maintenance area is located on the Aquifer between Flagg Road, 
Plains Road, and West Alumni Avenue. This area houses underground storage tanks 
for gasoline and diesel fuels, the motor pool, a vehicle maintenance and repair garage 
and an uncovered sand/salt pile. The athletic fields west of Tootel Physical Education 
Center and Keaney Gymnasium and the football field receive pesticide applications, as 
does the rest of the URI campus (It is noted that agricultural pesticide applications for 
turf, potato, and com are in greater amounts than the URI use). There are also several 
large underground heating oil tanks located immediately north of Tootell. Additional 
underground tanks may also be present on campus in unknown locations much like the 
tank unearthed between the URI Library and Taft Hall on July 23, 1991. URI 
operations with the potential to cause environmental impact will be closely managed 
through cooperation between the University and the WMA. (Drish & Spizuoco 1991) 
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20.18 SIGN POSTING IN CRITICAL AREAS 
The WMA will recommend signs and posting locations to RIDOT, URI, the 
three Towns of South Kingstown, North Kingstown, and Exeter and other authorities. 
These signs will identify critical zones for the community, waste transporters, 
petroleum and chemical transporters, and others. Such zones will mainly include 
Wellhead Protection Areas for wells or well fields and low road salting areas. (Drish 
& Spizuoco 1991) 
20.19 LOCAL WELLHEAD PROTECTION AREA PROGRAM 
A local wellhead protection area program will be implemented to assist the 
RIDEM Division of Groundwater and ISDS in implementing the State program. As in 
other WMA programs, the goal is to bring implementation by the community into the 
community. Decisions by the Board will be made by many people living in the 
community affected by those decisions. It is in many cases easier to approach a 
neighbor to urge them to alter practices which might threaten a water supply, especially 
if the effort is made to find an alternative workable substitute practice. This shall be 
the goal of this program. (Drish & Spizuoco 1991) 
21.0 MANAGEMENT PROGRAM IMPLEMENTATION AND COST 
The financial resources necessary to implement the program outlined are 
presented in the following discussion. The dollar amounts shown are planning 
estimates of the actual costs which will be reasonably incurred in the start-up and 
continuing operation of the management program. 
21.1 INITIAL CAPITAL COSTS 
Projected capital costs to initiate a Chipuxet Water Management Area are 
estimated in 1993 dollars and are presented in Table 22 as the following: 
125 
Table 22. Initial Management Area Capital Costs (1993 Dollars) 
ITEM Unit Cost Quantity Total Cost 
Computer (Gateway 486/33 w/200MB drive) 2400 1 $2400 
Gateway Software Package (Word Excel 225 1 $250 
Powerpoint Anti-virus) 
Hewlett-Packard Deskjet 500C (4 color inkjet 600 1 $600 
printer) 
Office Desks 225 2 $450 
Desk Chairs 130 2 $280 
Typewriter (Smith Corona 240/250 DLE) 130 1 $150 
File Cabinets (legal Size 4 drwr.) 130 2 $270 
Folding Table (30"x96") 50 1 $50 
Chairs (Global stack w/arms) 30 4 $150 
Equipment (water level indicator pressure -- -- $1000 
gauges electronic flow meter etc) 
Miscellaneous Maps (USGS RIGIS) -- -- $1000 
Office supplies -- -- $2000 
Automobile 9000 1 $9000 
Training -- -- $2000 
Subtotal $19,600 
7% Tax $1,400 
Contingency 10% $2,000 
TOTAL $23,000 
21.2 STAFFING REQUIREMENTS 
The day-to-day operations of the WMA will be governed by a board of directors 
whose policies and decisions will be implemented by a permanent staff. At the outset, 
it is anticipated that organization set-up and proposed management plan implementation 
will require a staff of three persons. A full-time executive director will be hired to 
oversee the complete operations of the management area. A full-time administrative 
assistant will be hired to assist in the large volume of paperwork which will be required 
at the inception of the management area. This position may be reduced to part-time 
after the rules and regulations are approved and the daily business of water 
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management begun. Thirdly, a technician will be hired full-time to assist the executive 
director and to implement the field work required in the management plan. 
21.3 OPERATION AND MAINTENANCE 
Projected annual costs for ongoing expenses for operation and maintenance of 
the Chipuxet WMA are estimated and presented in Table 23 in 1993 dollars to be the 
following: 
Table 23. Annual Operational Costs of Water Management Area (1993 Dollars) 
ITEM Annual Cost 
Personnel: Executive Director (full-time) $ 40000 
Personnel: Administrative Asst. (full-time) $ 18000 
Personnel: Field Technician (Full-time) $ 22000 
Benefits (30% of FT) $ 24000 
Insurance: Professional Liability $ 18000 
Insurance: Auto $ 2000 
Auto: operation, maintenance, gas $ 2000 
Auto: replacement fund $ 2000 
Office Rental $ 9000 
Utilities: Electric $ 1500 
Utilities: Heat (oil) $ 1500 
Utilities: Phone $ 2000 
Office Supplies, printing of educational flyers $ 5000 
Equipment $ 5000 
Discretionary Fund $ 5000 
Training $ 3000 
TOTAL $160,000 
21.4 SOURCE OF FUNDS 
Potential funding sources for the Chipuxet WMA may be from the following: 
1) State General Fund allocation; 
2) special taxes, fees, or charges assessed on the landowners and on water users, 
perhaps a few pennies per 1000 gallons used, located within the proposed WMA; 
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3) USEPA grant program: The USEPA has articulated its strategy for groundwater 
management in the 1990's and the program and legislation proposed are in close 
correlation to the guiding principals of that strategy. Adding this program to the Rhode 
Island existing programs would substantially fulfill the USEPA criteria of a "mature" 
state water management program. Implementation of the legislation and management 
plan proposed may potentially bring Rhode Island to the fore of all states in attaining 
water management in synchronization with the USEP A approach. This is important 
because USEP A has explicitly stated that grants will be given in greater amounts to 
states with programs deemed "mature" and less given to states with programs less so. ; 
4) other Federal, State, municipal, and private grant programs; 
5) imposition of a fee structure for the permit program implemented in each water 
management area, with a portion of the fees paid being remitted to the WMA to 
support operational expenses; and 
6) a fee system for permits issued for activities which will or have a high 
likelihood to release contaminants into the water environment of a WMA. Examples of 
such activities include UST installation, injection wells, septic tanks, storage site for 
oils and hazardous material, etc. A portion of the fees for these activities occurring 
within the WMA boundary may be remitted to the WMA to support operational 
expenses. 
21.5 TOTAL BUDGET 
It is projected that the total cost to establish the management program proposed 
will be approximately $182,000. This amount covers the start-up and operating costs 
for the first year. In succeeding years, this amount should only rise with inflation. 
The vast majority of expenses would be expended in personnel costs ($104,000). 
Funding of special projects are not included in this budget. These might include 
drilling and installation of additional groundwater monitoring wells, analytical costs for 
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water quality analyses, and development of a dynamic computer model simulation of 
aquifer behavior. Special project funding will be sought under grants from any 
available source. 
22.0 DATA GAPS 
Information lacking, in part because of recent changes in environmental and 
ecological concerns, which would enhance management planning for the Chipuxet 
Basin are listed below. 
1. Determination of an aquifer yield amount which would have an acceptable 
impact upon the Chipuxet River low flow. 
2. Better quantification of the current groundwater and surface water withdrawals 
and withdrawal capacities. 
3. Continuing long-term collection of water table elevation data and re-creation of 
a groundwater table map under low water table conditions. This map would be 
useful to current and future water management. It could also be evaluated in 
conjunction with rainfall data to determine changes in groundwater conditions 
since the preparation of the Allen, Glenn & Brackley ( 1966) map of water table 
conditions for August 1959. 
4. Redevelopment of the Chipuxet River flow-duration curve. Johnston & 
Dickerman (1985) utilized 12 years of flow data to develop this curve. As of 
October 1991 an additional 8 years of flow data is available to refine this curve. 
5. Study and development of cooperative management options with Connecticut 
and Massachusetts through memoranda of understanding or otherwise to 
effectuate interstate management for basins bisected by the State boundary. 
129 
23.0 CONCLUSIONS AND RECOMMENDATIONS 
23.1 CONCLUSIONS 
Several conclusions relevant to water management in Rhode Island emerge from 
this completed study. 
1. Existing Rhode Island statutes and regulations relating to water management and 
protection contain a gap which could allow severe aquifer overuse. 
2. Rhode Island is the sole New England state without statute or regulation to require 
monitoring or permitting of groundwater withdrawals. 
3. Based upon review of state water management in the United States, a concept of 
designated Water Management Areas (WMA' s) treated differently than the 
remainder of the state was identified as a practical water management approach. 
4. Legislation is proposed to establish authority for locally organized Water 
Management Areas and for a RIDEM water permit system applicable only within 
WMA's. This legislation also requires WMA's to submit a Water Management 
Plan to RIDEM for review and approval. 
5. The Rhode Island Legislature needs to abandon the English Rule water doctrine, 
declare groundwater to be a public trust, and recognize surface and groundwater in 
the stratified drift aquifers as one body. 
6. This document presents a water management plan for the Chipuxet Basin with 
specific elements and programs designed to protect and manage its water resources. 
7. The overall program advocated by this document is in accord with the USEP A 
philosophy and principles for groundwater management in the 1990's. 
Furthermore, implementation of the legislation proposed herein would transform 
Rhode Island water management into a comprehensive approach meeting virtually 
all USEPA criteria for a "mature" groundwater management program. USEPA has 
explicitly stated an intention to direct proportionally more funding toward states 
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most closely meeting the "mature" management program criteria. 
8. The implementation cost of the Chipuxet Management Plan ts approximately 
$180,000 per year. 
23.2 RECOMMENDATIONS 
The following recommendations are made to further the goal of water management and 
protection in the Chipuxet Basin. 
1. Sponsor a Water Forum to introduce the Water Management Area concept and 
permit system applicable within WMA's and to gather support among the Towns, 
state legislators, state agencies, major users, and concerned citizens. 
2. Identify one or more legislators who will sponsor the legislation proposed. 
3. Petition to form the Chipuxet WMA after enactment of the enabling statute. 
4. Schedule a meeting with appropriate RIDEM, USEPA Region 1, and WMA 
officials to discuss the total Rhode Island water management approach in 
comparison to USEPA "mature" water management program criteria. Inquire into 
availability of grants for the State and WMA programs. 
5. Once formed, organized, and staffed, the Chipuxet WMA should next begin 
drafting bylaws and regulations to govern actions of the Board of Directors. Some 
guidance in drafting bylaws or regulations may be found in Chapter 17.0, in the 
legislation itself, and by contacting existing WMA's in other states. [See Appendix 
G for a partial listing of WMA's in other states.] These rules are to be submitted to 
the designated RIDEM division for review and approval. 
6. The WMA should next adopt the Chipuxet Management Plan presented in Chapters 
14. 0 through 20. 0 of this document. 
7. The WMA should initially emphasize education to promote and consolidate WMA 
effectiveness and acceptance in the community. 
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APPENDIX A: GLOSSARY 
Aquifer - a geologic formation, group of formations, or part of a formation 
capable of yielding a significant amount of groundwater to wells, springs or 
surface water. (RI Groundwater Protection Act (GWPA) 1985) 
Assimilative Capacity - the natural ability of a water body or soil to receive and 
renovate wastes without significant impact to the quality of the receiving body. 
Base flow - that part of stream discharge derived from groundwater seepage into 
the stream 
Chipuxet System - the combined area of the Chipuxet ground and surface water 
drainage basins 
Confined Aquifer - an aquifer that is overlain by a confining bed. The 
confining bed has a significantly lower hydraulic conductivity than the aquifer 
(Fetter 1980) 
CERCLIS - Comprehensive Environmental Response, Clean-up, and Liability 
Act (CERCLA) List of sites to be investigated for possible inclusion on the 
Federal Superfund List. Inclusion on this list does not imply that contamination 
has been found on the site. Once placed on this list a site remains on the list 
forever, but may achieve a designation of no further action required. 
Discharge Area - an area in which there upward components of hydraulic head 
in the aquifer. Groundwater is flowing toward the surface in a discharge area 
and may escape as a spring, seep, base flow, or by evaporation and transpiration 
(Fetter, 1980) 
DOD - Department of Defense 
DOE - Department of Energy 
DOI - Department of Interior 
Drainage Area - the land area from which surface runoff drains into a stream 
channel or system of channels, or to a lake, or other body of water (Driscoll, 
1986). 
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Evapo-transpiration - the loss of water from a land area through transpiration of 
plants and evaporation from the soil (Driscoll, 1986) 
Flow Duration Curve - a cumulative frequency curve that shows the percentage 
of time that a specified streamflow is equaled or exceeded (Johnston & 
Dickerman, 1985) 
Glacial Till - non-sorted, non-stratified sediments carried and deposited by a 
glacier (Fetter, 1980) 
Groundwater - water found underground which completely fills the open spaces 
between particles of sand, gravel, clay, silt, and consolidated bedrock fractures. 
The zone of materials filled with groundwater is called the zone of saturation 
(RI GWPA, 1985). 
Groundwater Recharge - the process of addition of water to the zone of 
saturation, that zone beneath the water table (RI GWPA, 1985). 
Groundwater Reservoir - the highest yielding portions of RI's stratified drift 
aquifers that are capable of serving as a significant source of public water 
supply. They contain saturated thicknesses greater than 40 feet and have 
transmissivities in excess of 4000 feet squared per day (RIDEM May 1989). 
Non-Point Pollution Source - pollution source whose origin is diffuse, variable 
in time, or of uncertain origin. 
Normal - thirty year average of climatological data 
Point Pollution Source - pollution source whose origin is traceable to a point of 
origination. 
Public Water System - a system for the provision to the public of piped water 
for human consumption, if such system has at least 15 service connections or 
regularly serves an average of at least 25 individuals at least 60 days out of the 
year. Such term includes (a) any collection, treatment, storage, and distribution 
facilities under the control of the water supplier and used primarily in 
connection with such system, and (b) any collection or pretreatment storage 
facilities not under such control which are used primarily in connection with 
such system. A public water system is either a "community water system" or a 
"non-community water system". A community water system means a public 
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water system which serves at least 15 service connections used by year-round 
residents or regularly serves at least 25 year-round residents. A non-community 
water system means a public water system that is not a community water 
system. (USEPA) 
Recharge Area - an area in which water is absorbed that eventually reaches the 
zone of saturation. (RI GWPA, 1985) 
Return Interval - a probability based estimation of the frequency of occurrence 
of a specified magnitude of a precipitation or surface water flow event. 
Riparian Doctrine - A doctrine which states that the property owner adjacent to 
a surface water body has first right to withdraw and use the water (Fetter, 
1980). 
River Basin - the land from which a river gathers its water and sediment 
(Dictionary of Geological Terms) 
Safe Yield - the amount of naturally occurring groundwater which can be 
economically and legally withdrawn from an aquifer on a sustained basis 
without impairing the native groundwater quality or creating an undesirable 
effect such as environmental damage. It cannot exceed the increase in recharge 
or leakage from adjacent strata plus the reduction in discharge which is due to 
the decline in head caused by pumping (Fetter, 1980). 
Saturated Thickness - the zone in which voids in the rock or soil are filled with 
water at a pressure greater than atmospheric. The water table is the top of the 
saturated thickness in an unconfined aquifer. (Fetter 1980) 
Stratified Drift - unconsolidated sediment that has been sorted by glacial 
meltwater and deposited in layers or strata (Johnston & Dickerman, 1985) 
Transmissivity - the rate at which water of a prevailing density and viscosity is 
transmitted through a unit width of an aquifer or confining bed under a unit 
hydraulic gradient. It is a function of propertied of the liquid, the porous media, 
and the saturated thickness. (Fetter, 1980) 
USDA - United States Department of Agriculture 
Water Table - upper surface of groundwater in the saturated zone of an aquifer 
system. The level of the water table fluctuates with varying rates of recharge. 
(RI GWPA, 1985) 
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Water Table Divide - a localized high point in the water table away from which 
groundwater flows on either side of this divide 
Water Year - a 12-month period, October 1 through September 30 which is 
designated by the calendar year in which it ends (Dickerman, 1985). 
Wellhead Protection Area (WHPA) - the surface and subsurface area 
surrounding a water well or wellfield, supplying a public water system, through 
which contaminants are reasonably likely to move toward and reach such water 
well or wellfield. (SDWA, 1986 amended) 
7Ql0 - a measurement of surface water flow which represents the lowest 
average daily flow for 7 consecutive days over a ten year period. 












APPENDIX B: PROPOSED LEGISLATION 
10 
11 
STATE OF RHODE ISLAND 
IN GENERAL ASSEMBLY 




RELATING TO REGIONAL WATER MANAGEMENT 
14 
15 
16 Introduced by: 
17 
18 Date Introduced: 
19 
20 Referred To: 
21 
22 
2 3 It is enacted by the General Assembly as follows: 
24 
2 5 Section 1. TITLE 46 OF THE GENERAL LAWS ENTITLED 
2 6 "WATERS AND NAVIGATION" IS HEREBY AMENDED BY ADDING 
2 7 THERETO THE FOLLOWING CHAPTER: 
28 
29 CHAPTER 15.5 
3 o RHODE ISLAND WATER MANAGEMENT AREA ACT 
31 46-15.5-1. Shorttitle. 
32 46-15.5-2. Legislative Findings and Objectives. 
33 46-15.5-3. Purpose. 
34 46-15.5-4. Definitions. 




46-15.5-6. Organization of management area: steering committee; 
declaration of intent filing; map of proposed management 
3 area; submission and approval by Director. 
4 46-15.5-7. Petition contents and signatures; filing with secretary of state. 
5 46-15.5-9. When the Director may initiate a water management area study 
6 proceeding; hearing required. 
7 46-15.5-10. Election for approval of organization of WMA; Secretary of 
8 State to issue certificate of incorporation, when; action 
9 to attack legality. 
1 o 46-15 .5-11. Annual Meetings of eligible voters; organization meeting to 
11 elect initial board of directors. 
12 46-15.5-12. Board of Directors; terms of members; expenses; officers; 
13 quorum; vote for actions; filling vacancies. 
14 46-15.5-13. WMA powers; home office. 
15 46-15.5-14. Management plan; board of directors' and Director's 
16 functions and duties; hearings; approval and adoption; 
1 7 periodic review. 
18 46-15.5-15. Extension or reduction of district territory by Director, upon 
19 petition; hearing; filing of order. 
20 46-15.5-16. WMA dissolution. 
21 46-15.5-17. Initiation of proceedings for designation of critical water use 
2 2 control area; duties of the Director; findings. 
23 46-15.5-18. Hearings. 
24 46-15.5-19. Designation of critical water use control area; orders; 
2 5 corrective control measures; appeals. 
26 46-15.5-20. Use of water in a WMA or critical water use control area. 
27 46-15.5-21. Certain withdrawals, permit not required. 
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1 46-15.5-22. Permits for existing water withdrawals in newly established 
2 water management areas. 
3 46-15.5-23. Permits for other water withdrawals. 
4 46-15.5-25. Permits for public water supplies. 
5 46-15.5-26. Water withdrawal permits. 
6 46-15.5-27. Issuance of special permits. 
7 46-15.5-28. Issuance of special orders. 
8 46-15.5-29. Appeals. 
9 46-15.5-30. Enforcement by injunction, etc. 
10 46-15.5-31. Penalties. 
11 46-15.5-32. Severability. 
12 46-15.5-33. Effective date. 
13 
14 46-15.5-1. Short title. -- This chapter shall be known and may be cited as the 
15 "Water Management Area Act of 1994." 
16 46-15.5-2. Legislative Findings and Objectives. -- The general assembly 
1 7 hereby finds and declares that: 
18 (1) Water is vital to life and comprises an invaluable natural resource which 
19 is not to be abused by any segment of the state's population or its economy. It is 
2 o the policy of this state to enhance and maintain the chemical, physical, 
21 biological, and quantitative integrity of its waters to protect public health and 
2 2 the environment; 
2 3 (2) The waters of this state are a critical renewable resource which must be 
2 4 protected to insure the availability of safe and potable drinking water for present 
2 5 and future citizens; 
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1 (3) It is a paramount policy of the state to protect the purity of present and 
2 future drinking water supplies by protecting aquifers, recharge areas, and 
3 watersheds; 
4 (4) It is the policy of the state to restore and maintain the quality and 
5 quantity of water consistent with its use for drinking supplies and other 
6 designated beneficial uses without pretreatment as feasible. 
7 (5) Development of land areas overlying groundwater reservoirs and related 
8 construction can threaten the quality and quantity of surface and groundwater 
9 supplies, and therefore can endanger public health; thus it is necessary to take 
1 o immediate and continuing steps to manage the watersheds of surface waters and 
11 the reservoirs and recharge areas of groundwaters from the land uses and 
12 activities which may degrade the quality, and thus the available quantity, of 
13 drinking water; 
14 (6) It is hereby declared and implicitly recognized that the quality of surface 
15 water and groundwater is directly influenced by the quantity of these waters 
16 available, and that therefore, immediate and continuing steps must be taken to 
17 manage both aspects of the state's water resources; 
18 (7) Existing and potential sources of groundwater shall be maintained and 
19 protected. Where existing quality and quantity is inadequate to support certain 
2 o uses due to contamination or overuse, steps shall be taken to upgrade, if 
21 feasible, both quality and quantity to protect the present and future potential 
2 2 uses of the resource; 
2 3 (8) Discharges to groundwater which subsequently discharge to surface 
2 4 water and which would cause a contravention of surface water quality or 
2 5 standards shall not be permitted; 
26 (9) No degradation of the state's groundwaters shall be permitted unless the 
2 7 state chooses to allow lower water quality and quantity as a result of the 
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1 essential, desirable, and justifiable economic, commercial, industrial, or social 
2 development; 
3 ( 10) That Rhode Island has abundant supplies of surface and groundwater and 
4 an average amount of annual precipitation adequate to replenish these supplies 
5 under normal conditions, and that these supplies are sufficient in quantity and 
6 quality to meet the present needs of the people and economy of this state, but 
7 the sources of drinking water are not always located where they are needed, are 
8 subject to contamination and overuse making them unfit for drinking purposes, 
9 may be used for purposes not requiring water suitable for drinking, and may not 
10 be adequate to meet all future need; and 
11 (11) That the distribution of water resources, being uneven and not always 
12 located near areas of major use, has or may lead to areas of real or potential 
13 degradation of water quality and quantity in some areas, but may remain 
14 abundant in both good quality and quantity in other areas, and that the state 
15 recognizes this inequity and hereby declares the need for systematic 
16 management of the states' water resources in those areas experiencing or 
1 7 reasonably foreseen to experience degradation of quality and quantity of water 
18 and that such waters are essential to present and future citizens for domestic, 
19 agricultural, commercial, industrial, and other beneficial uses. 
20 46-15.5-3. Purpose. -- It is the purpose of this Act to recognize and declare 
21 that the right to reasonable control of water resources in Rhode Island belongs 
2 2 to the public and that in order to conserve, protect, and beneficially utilize the 
2 3 waters of the State and to ensure the public welfare, safety, and health, and 
2 4 present and future economic viability, provision for management of water 
2 5 resources is essential. 
2 6 This chapter establishes a program whereby all withdrawals of water in 
2 7 Rhode Island above a threshold quantity are registered with the Department of 
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1 Environmental Management and provides for the formation of water 
2 management areas, within which water withdrawals are regulated. The 
3 withdrawal registration program is intended to provide a procedure and deadline 
4 for persons making existing withdrawals above the threshold quantity to file a 
5 registration statement with the Department, and it is intended to enable the 
6 Department to document baseline water use in Rhode Island. This chapter is 
7 also intended to establish a permit program for new water withdrawals within 
8 declared water management areas or critical water use control areas to further 
9 the process of comprehensive management of surface and groundwaters in 
10 Rhode Island. 
11 This chapter establishes a procedure for organizing and operating a water 
12 management area and establishes a procedure for applying for, obtaining, 
13 maintaining, and transferring permits for new water withdrawals above a 
14 threshold volume, and establishes the criteria by which the Department will be 
15 guided in promoting the objectives of the Act. The purpose of the permit 
16 program is to assist the Department and local communities in the comprehensive 
1 7 management of Rhode Island's water resources, in those areas of the state 
18 needing such management, in a manner which ensures an appropriate balance 
19 among competing water withdrawals and uses, as well as preservation of the 
2 o water resource itself. 
21 46-15.5-4. Definitions. -- The following words and phrases shall have the 
2 2 meanings ascribed to them in this section, unless the context shall indicate 
2 3 another or different meaning or intent: 
24 (a) "Aquifer" means a geologic formation, group of formations, or part of a 
2 5 formation capable of yielding a significant amount of groundwater to wells, 
2 6 springs, or surface water. 
27 (b) "WMA" means a water management area. 
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1 (c) "beneficial use" means domestic (including public water supply), 
2 agricultural, commercial, and industrial uses. 
3 (d) "Contaminant" means any physical, chemical, biological, or radiological 
4 substance or matter in water which impairs its intended or feasible use. 
5 ( e) "degradation" means a deterioration or decline in ambient water quality or a 
6 severe decline in available water quantity. 
7 (f) "Director" means the director of the State Department of Environmental 
8 Management or designee. 
9 (g) "Eligible voter" means any person who is a landowner or a water user as 
10 defined in this act except as hereafter qualified. Every natural person of the age 
11 of eighteen (18) years or upward shall be an eligible voter of a water 
12 management area under this act if: (1) he or she is a landowner who owns, of 
13 record, any land, or any interest in land, comprising one or more contiguous 
14 acres located within the boundary of the water management area, or (2) he or 
15 she withdraws or uses groundwater from within aforesaid boundary in an 
16 amount of one-half (0.5) acre-foot or more per year. Each tract of ten or more 
1 7 contiguous acres and each quantity of water withdrawn or used in an amount of 
18 one or more acre-foot per year shall be represented by but a single eligible 
19 voter. 
20 (h) "Groundwater" means water found underground which completely fills the 
21 open spaces between particles of sand, gravel, clay, silt, and consolidated rock 
22 fractures. The zone of materials filled with groundwater is called the "zone of 
2 3 saturation. " 
2 4 (i) "water management area (WMA)" means a contiguous area which overlies 
2 5 one or more aquifers or lies within a surface water basin, together with any area 
2 6 in between, which is organized for water management purposes under this act, 
27 acts amendatory thereof, or supplemental thereto. 
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1 (j) "Ground water recharge" means the processes of addition of water to the 
2 zone of saturation, that zone beneath the water table. 
3 (k) "water withdrawal permit" means a certificate issued by the Director 
4 permitting the withdrawal of a specified quantity of water from either a surface 
5 or groundwater source in a water management area. 
6 (1) "Nondegradation" means maintenance of ambient water quality and a 
7 sustained replenishable water quantity. 
8 (m) "recharge area" means the area in which water is absorbed that eventually 
9 reaches the zone of saturation. 
10 (n) "person" means any and all persons, including individuals, firms, 
11 partnerships, associations, public or private institutions, municipalities, or 
12 political subdivision, governmental agencies, or private or public corporations 
13 organized under the laws of Rhode Island or any other state or country. 
14 ( o) "Critical water use control area" means a contiguous area which overlies one 
15 or more aquifers or lies within a surface water basin, together with any area in 
16 between, whose designation by the Department of Environmental Management 
1 7 is made under actual or imminent water quality or quantity problems or for 
18 water management purposes under this act, acts amendatory thereof, or 
19 supplemental thereto. 
20 (p) "Threshold amount" means a volume of water equal to or greater than 
21 50,000 gallons withdrawn within any 24 hour period. 
2 2 (q) "Toxic pollutant" means a water contaminant or combination of water 
23 contaminants in concentration(s) which, upon exposure, ingestion, or 
2 4 assimilation, either directly from the environment or indirectly through food 
2 5 chains, will unreasonably threaten to injure human health, or the health of 
2 6 animals or plants which are commonly hatched, bred, cultivated, or protected 




























(r) "Water table" means the upper surface of groundwater in the saturated zone 
of an aquifer system. The level of the water table fluctuates with varying rates 
of recharge and pumpage. 
(s) "Wellhead protection area" means the surface and subsurface area 
surrounding a public well or wellfield through which water will move toward 
and reach that well or wellfield. 
(t) "Withdrawal" means the taking of water from a source for any purpose, 
regardless of the quantity or quality of the water taken or its eventual disposition 
including return to the same water source. 
46-15.5-5. Duties of the Director of Environment. -- The Director or 
designee shall have the following duties and powers: 
(1) To issue water withdrawal permits in accordance with regulations 
adopted by the Director; 
(2) To issue special orders as provided in 46-15.5-28; 
(3) To study, investigate, and assess groundwater resources and all problems 
concerned with the quality and quantity of groundwater located wholly or in 
part in Rhode Island, and to make such reports and recommendations as may be 
necessary to carry out the provisions of this chapter; 
(4) To require any person withdrawing water for any purpose anywhere in 
the State, whether or not declared to be a water management area, to furnish the 
Director such information with regard to such water withdrawal and the use 
thereof as may be necessary to carry out the provisions of this chapter; 
(5) To prescribe and enforce requirements that naturally flowing wells be 
plugged or destroyed, or be capped or equipped with valves so that flow of 
groundwater may be completely stopped when said groundwater is not currently 
being applied to a beneficial use; 
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1 (6) To enter at reasonable times and under reasonable circumstances, any 
2 establishment or upon any property, public or private, for the purposes of 
3 obtaining information, conducting surveys or inspections, or inspecting wells, 
4 springs, and surface water withdrawal equipment, and to duly authorize agents 
5 to do the same, to ensure compliance with any permits, standards, policies, 
6 rules, regulations, rulings, and special orders which the Director may adopt, 
7 issue, or establish to carry out the provisions of this chapter; 
8 (7) To issue special exceptions pursuant to 46-15.5-27; and 
9 (8) To adopt such regulations as deemed necessary to administer and enforce 
1 o the provisions of this chapter. 
11 46-15.5-6. Organization of management area: steering committee; 
12 declaration of intent filing; map of proposed management area; 
13 submission and approval by Director. -- Proceedings to organize a water 
14 management area shall be commenced by filing with the Director a declaration 
15 of intent to form a WMA, signed by not less than fifteen (15) eligible voters of 
16 the proposed WMA. The seven (7) eligible voters first signing the declaration 
17 shall be the steering committee of the proposed WMA. The person first signing 
18 the declaration shall chair the steering committee of the proposed WMA. At the 
1 9 time of filing the declaration of intent, the steering committee shall submit to 
20 the Director a map of the proposed WMA. The Director shall, in consultation 
21 with the Steering committee, make any modification in the map of the proposed 
2 2 WMA so that, in the opinion of the Director, a manageable area will result. 
2 3 After such modifications, the Director shall certify to the steering committee, a 
2 4 description of the lands to be included within the WMA. 
25 46-15.5-7. Petition contents and signatures; filing with secretary of state. 
2 6 -- A. Within twelve ( 12) months after certification of the description of the 
27 lands to be included within the proposed WMA, before any water management 
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1 area shall be organized, a petition shall be circulated by the steering committee 
2 and filed with the secretary of state after being signed by not less than fifty (50) 
3 eligible voters or fifty percent (50%) of the eligible voters of the WMA, 
4 whichever is the smaller. 
5 B. The petition shall set forth: 
6 (1) The proposed name of the WMA, which name shall end with the 
7 words "Water Management Area No. __ ." It shall be the duty of the 
8 secretary of state to assign a number to each such district in the order in which 
9 petitions for organizations are received in his or her office. 
1 o (2) A description of the lands to be included within the proposed WMA 
11 identified by township and other areas as appropriate and a map showing the 
12 contiguous lands to be included in the WMA. 
13 (3) A statement of the purposes for which the WMA is to be organized. 
14 ( 4) A statement of the number of persons that will constitute the elected 
15 board of directors of the WMA, which shall be an uneven number of not less 
16 than three (3) nor more than fifteen (15). 






(6) Any other matter deemed essential by the steering committee. 
The petition shall be in substantially the following form: 





Plantations in the matter of the proposed ___ water management area No. 
, in ___ (county(ies)), Rhode Island. 
PETITION 
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1 "Come now the undersigned persons and state that (1) they are eligible 
2 voters of the forenamed water management area, hereinafter more fully 
3 described; (2) each signer's post-office address is set forth beside his or her 
4 name; (3) the purposes for which this district is organized are: (statement of 
5 purposes); (4) a seven member steering committee for the organization of the 
6 WMA has been established; (5) the names of persons who serve on the steering 
7 committee, of which the first named shall be chairperson, and their respective 
8 addresses are as follows: (list of names and addresses); and (6) the governing 
9 body of the district shall be an elected board of directors composed of 
1 o eligible voters. 
11 "Attached hereto, marked exhibit A and made a part hereof, is a 
12 description of the lands proposed to be included in the WMA. 
13 "Attached hereto, marked exhibit B and made a part hereof, is a map 
14 showing the lands proposed to be included in the WMA. 
15 "Wherefore, the undersigned individually and collectively request that a 
16 water management area be organized in the manner provided by law for the 
1 7 purposes set forth herein, and that the Secretary of State and the Director of the 
18 Department of Environmental Management proceed diligently in the 
19 performance of their duties so that the organization and incorporation of the 
20 proposed WMA may be completed and approved at the earliest possible time. 
21 "Submitted to the Secretary of State this _day of ___ , 19_." 
22 
2 3 46-15.5-8. Determination of sufficiency of petition; approval by Director; 
2 4 criteria for approval. -- A. If the Secretary of State finds the petition to be 
2 5 sufficient as to form and substance and executed in accordance with the 
2 6 requirements of this act he or she shall transmit a certified copy of the petition 
27 to the Director within (5) days from the date of his or her determination of 
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1 sufficiency. Upon receipt of the certified copy, the Director shall review the 
2 petition and shall within ninety (90) days after receipt of the copy transmit a 
3 written report of his or her findings on the petition, together with his or her 
4 written approval or disapproval of the petition, to the Secretary of State and the 
5 chairperson of the steering committee named in the petition. 
6 B. The Director shall approve such petition if he or she finds that: 
7 ( 1) The lands proposed to be included in the WMA substantially 
8 comprise a hydrologic community of interest; 
9 (2) The proposed WMA would not include any of the lands of an 
1 o existing water management area; 
11 (3) The statement of purposes contained in the petition conforms with the 
12 intent and purposes of this act; 
13 (4) The lands within the proposed WMA or part thereof overlie an 
14 aquifer or aquifers subject to management; 
15 (5) The map attached to the petition is substantially correct; 
16 (6) The extent of the WMA and existing and prospective uses of water 
1 7 within the district are sufficient to support a water management program; and 
18 (7) The public interest will be served by the creation of the proposed 
19 WMA. 
2 o C. The Director in his or her findings may make minor corrections with 
21 respect to the map and the corrections shall become part of the petition and shall 
2 2 be deemed effective without re-circulation of the corrected petition. 
2 3 D. If the Director approves the petition, he or she shall transmit a certified 
2 4 copy of his or her report to the Secretary of State and to the chairperson of the 
25 WMA steering committee. 
26 46-15.5-9. When the Director may initiate a water management area study 
27 proceeding; hearing required. -- A. The Director upon his or her own motion 
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1 or, in his or her discretion, upon receipt of a petition by any city or town or 
2 signed by not less than fifteen (15) eligible voters of an area in question, may 
3 initiate a water management area proceeding, whenever in his or her judgment 
4 there may be reason to believe that: 
5 (1) Groundwater levels in the area are declining or are expected to decline 
6 excessively; 
7 (2) The wells of two or more groundwater users within the area are 
8 interfering or may reasonably be expected to interfere substantially with one 
9 another; 
10 (3) The available surface and/ or groundwater supply has been or may 
11 become overdrawn; or 
12 ( 4) The surface and/or groundwater in the area has been or may become 
13 polluted. Such pollution includes any alteration of the physical, chemical, or 
14 biological properties of surface and/ or groundwater which has a harmful or 
15 detrimental effect on the quality or quantity of such waters. 
16 B. If the Director finds that any one of the conditions required above exists, 
1 7 and further finds that the public welfare, safety, and health require regulatory 
18 efforts be initiated, the Director shall by regulation declare the area in question 
19 to be a WMA. The Director shall include in the declaration a definition of the 
20 boundaries of the water management area. The Director shall mail a copy of 
21 the declaration to the mayor, manager, or director of the governing body of 
2 2 each city or town within which any part of the area lies. 
23 46-15.5-10. Election for approval of organization of WMA; Secretary of 
2 4 State to issue certificate of incorporation, when; action to attack legality. 
25 -- A. Within ten (10) days after receipt of a certified copy of the Director's 
2 6 report approving the petition, or the petition as amended, the chairperson of the 
27 steering committee shall call a meeting of the committee. The committee shall 
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1 meet at the time and place fixed in the notice and shall provide by resolution for 
2 the calling of an election at which all eligible voters of the WMA shall be 
3 entitled to vote on the question of whether the WMA should be organized in 
4 accordance with the petition as approved by the Director. The steering 
5 committee shall cause a notice of the election to be published once each week 
6 for three (3) consecutive weeks in a newspaper or newspapers of general 
7 circulation within the proposed WMA, the first publication to be not less than 
8 twenty-eight (28) days prior to such election. If the proposed WMA lies in more 
9 than one county, similar notice shall be published in a newspaper of general 
1 o circulation in each of the counties in which a part of the proposed WMA is 
11 located. The notice shall set forth when and where the election shall be held and 
12 the proposition to be voted on. It shall contain a copy of the petition as 
13 approved by the Director ( omitting the map attached as an exhibit) and shall be 
14 signed by the chairman and attested by the secretary of the steering committee. 
15 The steering committee shall conduct the election, canvass the vote, and certify 
16 the results to the Secretary of State. 
17 B. If a majority of the votes cast are in favor of the organization and 
18 creation of the WMA, the secretary of state shall issue to the steering committee 
19 a certificate of incorporation for the WMA, which shall be filed of record in the 
2 o office of the register of deed of each city or town in which all or a portion of 
21 the WMA lies. Upon such recordation, the WMA shall be authorized to 
2 2 function in accordance with the provisions of this act. 
2 3 C. If a majority of those voting on the proposition vote against the 
2 4 organization and creation of the WMA, the Secretary of State shall endorse that 
2 5 fact on the face of the petition and the proceedings shall be closed. 
2 6 D. No action attacking the legality of the incorporation of any water 
2 7 management area organized under this act shall be maintained unless 
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1 commenced within ninety (90) days after the issuance of the certificate of 
2 incorporation for an WMA by the Secretary of State, and any alleged illegality 
3 of the incorporation of any WMA shall not be interposed as a defense to any 
4 action brought after that time. 
5 46-15.5-11. Annual Meetings of eligible voters; organization meeting to 
6 elect initial board of directors. -- A. Within not more than ninety (90) days 
7 after the recording of the certificate of incorporation, a meeting open to all 
8 eligible voters of the WMA shall be held by the steering committee for the 
9 election of the initial board of directors. A notice of the meeting shall be given 
1 o by the steering committee at least ten ( 10) days prior to the date thereof by one 
11 publication in a newspaper of general circulation in each of the counties of 
12 which the water management area is a part. Each eligible voter of the WMA 
13 shall be entitled to vote for as many candidates as the number of directors that 
14 are to be elected, but may not cast more than one vote for any one candidate. 
15 The candidates receiving the greatest number of votes cast shall respectively be 
16 declared elected. 
17 B. In not more than twelve (12) months after the initial meeting, and 
18 annually thereafter, a meeting shall be held for the election of directors whose 
19 terms expire, to report on the financial condition and activities of the WMA and 
2 o to adopt a proposed budget covering the anticipated expenses of the WMA for 
21 the ensuing year. 
22 C. The number of directors of an WMA, or the date of the annual meeting, 
2 3 may be changed at any annual meeting at which the changes are to be 
2 4 considered. 
25 46-15.5-12. Board of Directors; terms of members; expenses; officers; 
26 quorum; vote for actions; filling vacancies. -- A. All powers granted to a 
2 7 water management area under the provisions of this act shall be exercised by an 
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1 elected board of directors which shall be composed of the number of persons 
2 specified in the petition. Each director shall serve for a period of three (3) years 
3 and until his or her successor is duly elected and qualified, except that as nearly 
4 as possible one-third of the original directors shall serve for term of one (1) 
5 year, one-third for a term of two (2) years, and one-third for a term of three (3) 
6 years. The directors shall serve without compensation but shall be allowed 
7 actual and necessary expenses incurred in the performance of their official 
8 duties. 
9 B. The board of directors, after being duly elected, shall elect from its 
1 o number a president, a vice-president, a secretary, and a treasurer. In districts 
11 having only three (3) directors, the board shall elect one director to hold the 
12 offices of secretary and treasurer. 
13 C. A majority of the directors shall constitute a quorum for the transaction 
14 of business and a majority of those voting shall determine all actions taken by 
15 the board. In the absence of any duly elected officers, those elected directors 
16 present at any meeting may select a director to act as an officer pro tern. 
1 7 D. The elected board shall fill any vacancy occurring on the board prior to 
18 the expiration of the term of any director by selecting a replacement from 
19 among the eligible voters of the WMA for the unexpired term. 
20 46-15.5-13. WMA powers; home office. -- Every water management area 
21 organized under this act shall be a body politic and corporate and shall have the 
22 power to: 
2 3 (1) Adopt a seal; 
2 4 (2) sue and be sued; 
25 (3) rent space, maintain equipment and an office, pay other 
2 6 administrative expenses; 
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1 (4) employ such legal, engineering, technical, and clerical services as 
2 may be deemed necessary by the board; 
3 (5) purchase, hold, sell, and convey land, water rights, and personal 
4 property, and execute such contracts as may, in the opinion of the board, be 
5 deemed necessary or convenient; 
6 (6) acquire land and interest in land by gift or exchange; 
7 (7) construct, operate, and maintain such works as may be determined 
8 necessary for drainage, recharge, storage, distribution, or importation of water, 
9 and all other appropriate facilities of concern to the WMA; 
1 o (8) levy water user charges and land assessments, issue general special 
11 bonds and incur indebtedness within the limitations prescribed by this act; 
12 (9) contract with persons, firms, associations, partnerships, corporations, 
13 or agencies of the state or federal government, and enter into cooperative 
14 agreements with any of them; 
15 ( 10) take appropriate actions to reduce or extend the boundary of the 
16 WMA as prescribed by this act; 
17 (11) construct and establish research, development, and demonstration 
18 projects, and collect and disseminate research data and technical information 
19 concerning the conservation of groundwater; 
20 (12) install or require the installation of meters, gauges, or other 
21 measuring devices and read or require water users to read and report those 
2 2 readings as may be deemed necessary to determine the quantity of water 
2 3 withdrawn; 
24 (13) provide advice and assistance m the management of storage, 
2 5 groundwater recharge, surface water management, and all other appropriate 
26 matters of concern to the WMA; 
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1 (14) adopt, amend, promulgate, and enforce by suitable action, 
2 administrative or otherwise, reasonable standards and policies relating to the 
3 conservation and management of water within the WMA which are not 
4 inconsistent with Title 46, Chapter 15.4, Water Supply Management; 
5 (15) recommend to the Director rules and regulations necessary to 
6 implement and enforce the policies of the board. Such rules and regulations 
7 shall be of no force and effect unless and until adopted by the Director in 
8 accordance with the Rhode Island Administrative Procedures Act. All such 
9 regulations adopted shall be effective only within a specified WMA; 
1 o ( 16) enter upon private property within the district for inspection 
11 purposes, to determine conformance of the use of water with established rules 
12 and regulations, including measurements of flow, depth of water, water 
13 wastage, and for such purposes as are necessary and not inconsistent with the 
14 purposes of this act; 
15 ( 17) select a residence or home office for the groundwater management 
16 district which shall be at a place in a city or town in which the WMA or any 
1 7 part thereof is located and may be either within or without the boundaries of the 
18 WMA. The board shall designate the city or town in which the residence or 
19 home office is located as the official city or town for the filing of all official 
2 o acts and assessments; 
21 ( 18) seek and accept grants or other financial assistance that the federal 
2 2 government and other public or private sources make available and to utilize 
23 the same to carry out the purposes and functions of the WMA; and 
2 4 ( 19) recommend to the Director the initiation of proceedings for the 
2 5 designation of a certain region within the WMA as a critical water use control 
26 area. 
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1 46-15.5-14. Management plan; board of directors' and Director's 
2 functions and duties; hearings; approval and adoption; periodic review. --
3 Before undertaking active management of the WMA the board shall prepare a 
4 management plan. Upon completion of the management plan the board shall 
5 transmit a copy to the Director with a request for his or her approval. The 
6 Director shall examine and study the management plan and, if he or she finds 
7 that it is compatible with existing water resource policies, rules, regulations, 
8 and programs within the Departments of Environmental Management, Health, 
9 and Planning and all acts amendatory thereof or supplemental thereto, he or she 
10 shall approve it and notify the board of his or her action. When the management 
11 plan is approved by the Director, the board shall fix a time and place either 
12 within or conveniently near the WMA for a public hearing upon the plan. A 
13 notice of the hearing shall be given by one publication in a newspaper or 
14 newspapers in general circulation within the WMA, at least twenty-eight (28) 
15 days prior to the date fixed for the hearing, setting forth the time and place of 
16 the hearing. The notice shall state that a copy of the management plan is 
17 available for public inspection in the office of the secretary of the WMA. Any 
18 person desiring to be heard in the matter must file, in duplicate, with the board 
19 at its office at least five (5) days before the date of the hearing a written 
2 o statement of his or her intention to appear at the hearing and the substance of 
21 the testimony he or she wishes to present. Upon receipt of any such statements, 
2 2 the board shall immediately transmit one copy of the statement to the Director, 
2 3 The Director or his or her duly appointed representative shall attend the hearing. 
24 At the hearing, any person who has duly filed his or her written statement shall 
2 5 be heard and may present information in support of his or her position in the 
2 6 matter. After hearing and considering all relevant testimony and information, 
2 7 the board shall by resolution adopt, modify, or reject the management plan. The 
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1 board shall then notify the Director of its action. If it is determined that the 
2 management plan should be modified, any proposed changes approved by the 
3 board shall be incorporated in a modified management plan which shall be 
4 submitted to the Director for further consideration. The Director shall review 
5 the modified management plan and shall transmit a supplemental written report 
6 of the results of his or her study and investigation to the board, including his or 
7 her written approval or disapproval of the modified management plan. If the 
8 modified management plan is approved by the Director, the board shall by 
9 resolution adopt it as the official management plan of the WMA and notify the 
10 Director of its action. The board shall periodically and at least once each year 
11 review the officially adopted management plan. Following that review, they 
12 shall either reaffirm its adoption or propose that it be revised. If revision is 
13 proposed, the board shall follow the same procedure towards adoption of a 
14 revised management plan as is prescribed above for preparation, approval, and 
15 adoption of the original management plan. 
16 46-15.5-15. Extension or reduction of district territory by Director, upon 
1 7 petition; hearing; filing of order. -- A. The Director shall have the power, 
18 upon proper petition being presented by the board for that purpose, to extend or 
1 9 reduce the territory of any WMA organized and incorporated under the 
2 o provisions of this act. The petition to extend or reduce the territory of any 
21 WMA shall be addressed to the Director and shall: 
2 2 ( 1) describe the territory to be annexed or removed by township or city 
2 3 and fraction thereof and other platted areas as appropriate; 
2 4 (2) have a map attached thereto as an exhibit, and incorporated therein 
2 5 by reference, showing the WMA and the lands proposed to be annexed or 
2 6 removed; and 
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1 (3) show that the proposed extension or reduction of territory has been 
2 recommended by the WMA concerned by resolution duly adopted by its board. 
3 B. The Director shall fix a time for a hearing upon the petition and the 
4 WMA shall give notice thereof for three (3) consecutive weeks in a newspaper 
5 or newspapers of general circulation within the proposed WMA, the first 
6 publication to be not less than twenty-eight (28) days before the day fixed for 
7 the hearing. The notice shall state the name and general location of the WMA 
8 and describe the lands proposed to be annexed or removed. It shall state that a 
9 hearing will be held on whether the petition of the district should be approved. 
1 o It shall state the day, hour, and place of the hearing, which shall be at a suitable 
11 location, and that all persons may appear before the Director at the hearing and 
12 be heard. If, after the hearing, the Director finds that the area proposed to be 
13 annexed or removed meets other requirements as prescribed for organization of 
14 an WMA, he or she shall approve the petition and fix the time when the 
15 annexation or reduction of territory shall become effective. A certified copy of 
16 his or her order approving the petition shall be sent to the board of directors and 
17 to the Secretary of State. The board of directors shall file a copy of the order 
18 for record in the office of the register of deeds of each city or town in which the 
19 WMA, as modified, or any part thereof lies. 
20 46-15.5-16. WMA dissolution. -- A. Whenever the board of an WMA 
21 organized and incorporated under the provisions of this act finds reasons for the 
2 2 dissolution of the WMA, the board may, by resolution adopted by a two-thirds 
2 3 vote of all members of the board at a special meeting of the board called for that 
2 4 purpose, notice of which shall specify the purpose for which the meeting is to 
2 5 be called, provide for the calling of an election of WMA eligible voters for the 
2 6 purpose of determining whether the WMA shall be dissolved. The board shall 
2 7 also provide foe the calling of an election if written petitions therefor, signed by 
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1 twenty (20%) of the eligible voters of the WMA, are filed with the secretary of 
2 the board. The election to determine whether the WMA shall be dissolved shall 
3 be held and conducted by the board in the same manner as provided for 
4 conducting the election for the organization of the WMA insofar as those 
5 provisions can be made applicable. Of a majority of the votes cast are in favor 
6 of dissolution of the WMA, the board shall immediately certify the results of 
7 the election to the Secretary of State who shall thereupon issue and deliver to 
8 the secretary of the board a certificate of dissolution. 
9 B. Upon receipt from the Secretary of State of the certificate of WMA 
1 o dissolution under the provisions of this act, the secretary of the board shall 
11 notify the board of the certification and the board shall immediately pay all 
12 obligations of the WMA, including all costs incurred by the WMA, the 
13 Director, and the Secretary of State in regard to the dissolution proceedings. 
14 The treasurer of the board shall thereupon distribute all moneys in his or her 
15 hands belonging to the WMA in the manner prescribed by this act and 
16 immediately after making the distribution the treasurer shall notify the board 
17 secretary of the distribution. Upon receipt of the notification the board secretary 
18 shall have the certificate of dissolution published once in a newspaper or 
19 newspapers of general circulation within the WMA and proof of this publication 
20 shall be filed in the office of the Secretary of State. The effective date of the 
21 dissolution, unless otherwise provided, shall be the date on which the proof of 
2 2 publication is filed in the office of the Secretary of State, but in no case shall 
2 3 the date of dissolution be a date prior to the date of publication of the certificate 
2 4 of dissolution. A certified copy of the certified copy of the certificate of 
2 5 dissolution of the WMA shall also be recorded in the office of the City or town 
2 6 clerk of each city or town where any portion of the dissolved WMA was 
27 located. 
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1 C. Any funds or other assets of a WMA which has been dissolved under 
2 provisions of this act shall be apportioned and paid to the general fund of the 
3 cities or towns located within or partially within the WMA in proportion to 
4 acreage of the WMA located in each city or town. The treasurer of the WMA, 
5 upon notification of the receipt of the certificate of dissolution, shall 
6 immediately pay amounts due each city or town located within the WMA to the 
7 respective city or town treasurers. 
8 D. The board secretary of any WMA which has been dissolved under 
9 provisions of this act shall transmit all minutes and records of the WMA to the 
10 Director's office. 
11 46-15.5-17. Initiation of proceedings for designation of critical water use 
12 control area; duties of the Director; findings. -- Whenever a WMA 
13 recommends or whenever a petition signed by not less than three hundred (300) 
I 
14 or by not less than five percent (5 % ) of the eligible voters of an WMA, 
15 whichever is less, is submitted to the Director, the Director shall initiate, as 
16 soon as practicable thereafter, proceedings for the designation of a specifically 
1 7 defined region within all or part of such WMA as a critical water use control 
18 area. The Director may also initiate such proceedings whenever he or she has 
1 9 reason to believe that any one or more of the following conditions exist in a 
2 o water use area which is located either inside or outside an existing water 
21 management area, or any part thereof: 
2 2 ( 1) groundwater levels in the region in question are declining or have 
2 3 declined excessively; 
2 4 (2) the rate of water withdrawal within the region in question equals or 
2 5 exceeds the rate of recharge of such region; 
26 (3) significant and preventable waste of water is occurring or may occur 
2 7 within the region in question; 
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1 ( 4) unreasonable deterioration of the quality of water is occurring or may 
2 occur within the region in question; or 
3 (5) other conditions exist within the region in question which require 
4 regulation in the public interest. 
5 46-15.5-18. Hearings. -- In any case where proceedings for the designation of 
6 a critical water use control area are initiated, the Director shall hold and conduct 
7 a public hearing on the question of designating such area as a critical water use 
8 control area. Written notice of the hearing shall be given to every person 
9 holding a water right in the area in question and notice of the hearing shall be 
1 o given by one publication in a newspaper or newspapers of general circulation 
11 within the area in question at least thirty (30) days prior to the date set for such 
12 hearing. The notice shall state the question and shall denote the time and place 
13 of the hearing. At the hearing, documentary and oral evidence shall be taken, 
14 and a full and complete record of same shall be kept. 
15 46-15.5-19. Designation of critical water use control area; orders; 
16 corrective control measures; appeals. -- A. In any case where the Director 
17 finds that any one or more of the circumstances set forth in 46-15.5-17, and 
18 amendments thereto, exist and that the public interest requires that any one or 
19 more corrective controls be adopted, the Director shall designate, by order, the 
2 o area in question, or any part thereof, as a critical water use control area. 
21 B. The order of the Director shall define specifically the boundaries of the 
2 2 critical water use control area and shall indicate the circumstances upon which 
2 3 the Director's findings are made. The order of the Director may include any one 
2 4 or more of the following corrective control provisions: 
2 5 ( 1) a provision closing the critical water use control area to any further 
26 withdrawal of surface and/or groundwater in which event the Director shall 
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1 thereafter refuse to accept any application for a permit to withdraw surface or 
2 groundwater located within the critical water use control area; 
3 (2) a provision determining the permissible total withdrawal of surface 
4 and/ or groundwater in the critical water use control area each day, month or 
5 year, and, insofar as may be reasonably done, the Director shall apportion such 
6 permissible withdrawal among existing water users and valid water rights 
7 holders; 
8 (3) a provision reducing the permissible withdrawal of water by any one 
9 or more users from within the critical water use control area; 
1 o ( 4) a provision requiring and specifying a system of rotation of 
11 groundwater use in the critical water use control area; and 
12 (5) any one or more other provisions making such additional 
13 requirements as are necessary to protect public interest. The Director is hereby 
14 authorized to delegate the powers and enforcement of any corrective control 
15 provisions ordered for a critical water use control area to any water management 
16 area or to any city or town in which the critical water use control area is located 
1 7 wholly or in part. 
18 C. A critical water use control area designation shall be in full force and 
19 effect from the date of its entry in the Director's office records unless and until 
2 o its operation shall be stayed by a written directive from the Director explaining 
21 the rationale for such rescission or by an appeal to the Division of 
2 2 Administrative Adjudication in accordance the provisions of Chapter 42-17. 7 of 
2 3 the General Laws. The Director, upon request, shall deliver a copy of such 
2 4 order to any interested person who is affected by such order, and shall file a 
2 5 copy of same with the register of deeds of any city or town within which such 
26 designated control area lies. 
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1 46-15.5-20. Use of water in a WMA or critical water use control area. -- It 
2 shall be unlawful in a WMA or critical water use control area for any person to 
3 withdraw, attempt to withdraw, or allow the withdrawal of any water, above the 
4 threshold amount, other than in accordance with a water withdrawal permit or 
5 as provided in 46-15.5-21 and 46-15.5-22(C). 
6 46-15.5-21. Certain withdrawals, permit not required. -- No water 
7 withdrawal permit shall be required for: 
8 (1) withdrawals not exceeding 50,000 gallons on any single day; 
9 (2) temporary construction dewatering; 
1 o (3) temporary withdrawals associated with a state-approved groundwater 
11 remediation; 
12 (4) the withdrawal of groundwater for use by a groundwater heat pump 
13 where the discharge is re-injected into the aquifer from which it is withdrawn; 
14 (5) the withdrawal of water for geophysical investigations, including 
15 pump tests; 
16 (6) the withdrawal of water in any area not declared a water management 
17 area; or 
18 (7) the withdrawal of water pursuant to a special exception issued by the 
19 Director. 
20 46-15.5-22. Permits for existing water withdrawals in newly established 
21 water management areas. -- A. Persons withdrawing water m any area 
2 2 declared a WMA on or after the effective date of this chapter shall file an 
2 3 application within six months after the WMA has been declared in order to 
2 4 obtain a permit for withdrawals. The Director shall issue permits for the total 
2 5 amount of water withdrawn during any consecutive twelve-month period in the 
2 6 five years preceding such declaration, together with such savings as can be 
2 7 demonstrated to have been achieved through water conservation. 
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1 B. Persons withdrawing water for agricultural or livestock watering 
2 purposes in any area declared a WMA shall file an application within six 
3 months after the WMA has been declared in order to obtain a permit for 
4 withdrawals. The Director shall issue permits for the total amount of water 
5 withdrawn during any consecutive twelve-month period in the ten-year period 
6 preceding such declaration, together with such savings as can be demonstrated 
7 to have been achieved through water conservation. 
8 C. Persons withdrawing water in any declared WMA on or after the 
9 effective date of this chapter may continue such withdrawal until required 
1 o permit application is acted upon by the Director, provided that the permit 
11 application is complete and is filed on forms prepared by the Director within the 
12 six-month period following the declaration. 
13 D. Persons applying for a water withdrawal permit issued pursuant to this 
14 section may request that they be permitted to withdraw more water that the 
15 amount to which they may be entitled based upon their historic usage as set 
16 forth in this section. The Director in his or her discretion may issue a permit 
17 for a greater amount than that which is based on historic usage, upon 
18 consideration of factors set forth in 46-15.5-24. 
19 46-15.5-23. Permits for other water withdrawals. -- Any application for a 
20 water withdrawal permit, except as provided in 46-15.5-22, shall include a 
21 water conservation and management plan approved by the Director. A water 
2 2 conservation and management plan shall include: 
23 (1) use of water-saving plumbing and processes including, where 
2 4 appropriate, use of water-saving fixtures in new and renovated plumbing as 
25 provided in the 1990 revised plumbing codes; 
2 6 (2) a water-loss reduction program; 
2 7 (3) a water-use education program ; and 
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1 (4) mandatory reductions during water-shortage emergencies including, 
2 where appropriate, ordinances prohibiting waste of water generally and 
3 providing for mandatory water-use restrictions, with penalties, during water-
4 shortage emergencies. The Director shall approve all water conservation plans 
5 in compliance with subdivisions (1) through (4) of this section. 
6 46-15.5-24. Criteria for issuance of permits. -- When reviewing an 
7 application for a permit to withdraw water, or an amendment to an existing 
8 permit, the Director may consider the nature of the proposed beneficial use, the 
9 proposed use of alternate or innovative approaches such as aquifer storage and 
1 o recovery systems and surface water and groundwater conjunctive uses, climatic 
11 cycles, economic cycles, population projections, written review of the 
12 application from the WMA Director, the status of land use and other necessary 
13 approvals, and the adoption and implementation of the applicant's water 
14 conservation and management plan. In no case shall a permit be issued for more 
15 water than can be applied to the proposed beneficial use. 
16 When proposed water uses are in conflict or when available water 
1 7 supplies are insufficient for all who desire to use them, preference shall be 
18 given to uses for human consumption, over all others, followed in descending 
19 order by municipal, irrigation, industrial, recreational, and water power uses. 
20 In evaluating permit applications, the Director shall ensure that the 
21 maximum possible safe supply of water will be preserved and protected for all 
2 2 other beneficial uses. 
23 46-15.5-25. Permits for public water supplies. -- To ensure that any water 
2 4 withdrawal permit issued for a public water supply does not impact a permit 
2 5 issued pursuant to Chapter 13, Public Drinking Water Supply, the Director shall 
2 6 consult with the Department of Health to establish a maximum permitted daily 
2 7 withdrawal at a level consistent with the demands and foreseeable needs for 
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1 twenty years hence, of the public water system. This section shall not limit the 
2 authority of the Director to reduce or eliminate water withdrawals by a public 
3 water system if necessary to protect human health or the environment. In 
4 promulgating regulations to implement this section, and in administering such 
5 regulations and this chapter, the Director shall consult and cooperate with the 
6 State Department of Health to the end that effective, equitable management of 
7 water and safeguarding of public health will be attained to the maximum extent 
8 possible. 
9 46-15.5-26. Water withdrawal permits. -- A. The Director may issue any 
1 o water withdrawal permit upon terms, conditions, and limitations necessary for 
11 the protection of the public welfare, safety, and health. 
12 B. Applications for water withdrawal permits shall be in a form prescribed 
13 by the Director and shall contain such information, consistent with this chapter, 
14 as the Director deems necessary. 
15 C. All water withdrawal permits issued by the Director under this chapter 
16 shall have a fixed term not to exceed twenty years for a public community water 
1 7 supply or ten years for all other supplies and thereafter require application to 
18 RIDEM for renewal. The term of a water withdrawal permit issued by the 
19 Director shall not be extended by modification beyond the maximum duration, 
2 o and the permit shall expire at the end of the term unless a complete application 
21 for a new permit has been filed at least six months prior to the expiration of the 
2 2 valid permit as required by the regulations of the Director, and the Director is 
2 3 unable, through no fault of the permittee, to issue a new permit before the 
2 4 expiration date of the previous permit. In such instance, the previous permit 
25 shall remain in effect until the Director is able to complete the review process. 
2 6 Failure to submit application for renewal of a permit within six months of its 
2 7 expiration date may result in the loss of right to withdraw water under the terms 
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1 of the expired permit. It shall be at the discretion of the Director to extend the 
2 period allowable for permit renewal during which such time the expired permit 
3 may remain valid, except that such extension may not exceed in total a period of 
4 twenty-four months past the original date of permit expiration. 
5 D. Renewed water withdrawal permits shall be for a withdrawal amount that 
6 includes such savings as can be demonstrated to have been achieved through 
7 water conservation, provided that a beneficial use of the permitted water can be 
8 demonstrated for the following permit term. 
9 E. Any permit issued by the Director under this chapter may, after notice 
10 and opportunity for a hearing, be amended or revoked on any of the following 
11 grounds or for good cause as may be provided by the regulations of the 
12 Director: 
13 ( 1) The permittee has violated any regulation or order of the Director 
14 pertaining to water, any condition of a water withdrawal permit, any provision 
15 of this chapter, or any order of a court, where such violation presents a hazard 
16 or potential hazard to human health or the environment or is representative of a 
1 7 pattern of serious or repeated violations which, in the opinion of the Director, 
18 demonstrates the permittee's disregard for or inability to comply with applicable 
19 laws, regulations, or requirements; 
2 o (2) The permittee has failed to disclose fully all relevant material facts or 
21 has misrepresented a material fact in applying for a permit, or in any other 
2 2 report or document required under this chapter or under the water withdrawal 
2 3 regulations of the Director; 
2 4 (3) The activity for which the permit was issued endangers human health 
2 5 or the environment can be regulated to acceptable levels by amendment or 
2 6 revocation of the permit; or 
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1 ( 4) There exists a material change in the basis on which the permit was 
2 issued such that in order to protect human health or the environment, a 
3 temporary or permanent reduction or elimination of the withdrawal controlled 
4 by the permit is necessary. 
5 F. No application for water withdrawal permit shall be considered complete 
6 unless the applicant has provided the Director with notification from the 
7 governing body of the city or town in which the withdrawal is to occur has been 
8 notified of the proposed application and that the location and operation of the 
9 withdrawing facility is in compliance with all local ordinances pertaining to the 
1 o Comprehensive Town Plan or any groundwater protection overlay district. 
11 G. A water withdrawal permit shall authorize withdrawal of a specific 
12 amount of water through a single well or system of wells, including a backup 
13 well or wells, a surface water intake structure, or such other means as the 
14 applicant specifies in the permit application. 
15 46-15. 5-27. Issuance of special permits. -- A. The director may issue special 
16 exceptions to allow the withdrawal of water in cases of unusual situations where 
1 7 requiring the user to obtain a water withdrawal permit would be contrary to the 
18 intended purpose of the Act. 
19 B. In reviewing an application for a special exception, the Director may 
20 consider the amount and duration of the proposed withdrawal, the beneficial use 
21 intended for the water, the return of the water to the aquifer or surface water 
2 2 body, and the effect of the withdrawal on human health and the environment. 
2 3 Any person requesting a special exception shall submit an application to the 
2 4 Director containing such information as the Director shall require by regulation 
2 5 adopted pursuant to this chapter. 
2 6 C. Any special exception issued by the Director shall state the terms 
2 7 pursuant to which the applicant may withdraw water, including the amount of 
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1 water that may be withdrawn in any period and the duration of the special 
2 exception. No special exception shall be issued for a term exceeding ten years. 
3 D. A violation of any term or provision of a special exception shall subject 
4 the holder thereof to the same penalties and enforcement as would apply to a 
5 violation of a water withdrawal permit. 
6 E. The Director shall have the power to amend or revoke any special 
7 exception after notice and opportunity for hearing on the grounds set forth in 
8 46-15.5-26(E) for amendment or revocation of a water withdrawal permit. 
9 46-15.5-28. Issuance of special orders. -- A. The Director may issue special 
10 orders: 
11 (1) requiring any person who has violated the terms and provisions of a 
12 water withdrawal permit issued by the Director to comply with such terms and 
13 provisions; 
14 (2) requiring any person who has failed to comply with a directive from 
15 the Director to comply with such directive; or 
16 (3) requiring any person who has failed to comply with the provisions of 
1 7 this chapter or any decision of the Director pertaining to water to comply with 
18 such provision or decision. 
19 B. Such special orders are to be issued only after a hearing with at least 
2 o thirty days notice to the affected person of the time, place, and purpose thereof, 
21 and they shall become effective not less than fifteen days after service by 
2 2 certified mail, sent to the last known address of such person, with the time 
2 3 limits counted from the date of such mailing; however, if the Director finds that 
2 4 any such person is grossly affecting or presents an imminent and substantial 
2 5 danger to: 
26 (1) the public welfare, safety, or health; 
27 (2) a public water supply; or 
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1 (3) commercial, industrial, agricultural or other beneficial uses, the 
2 Director may issue, without advance notice or hearing, an emergency special 
3 order directing the person to cease such withdrawal immediately and shall 
4 provide an opportunity for a hearing. After reasonable notice as to the time and 
5 place thereof to the person, to affirm, modify, amend or cancel such emergency 
6 special order. If a person who had been issued such a special order or an 
7 emergency special order is not complying with the terms thereof, the Director 
8 may proceed in accordance with 46-15.5-30, and where the order is based upon 
9 a finding of an imminent and substantial danger, the court shall issue an 
1 o injunction compelling compliance with the emergency special order pending a 
11 hearing by the Director. If an emergency special order requires cessation of a 
12 withdrawal, the Director shall provide an opportunity for a hearing within forty-
13 eight hours of the issuance of the injunction. 
14 C. The provisions of this section notwithstanding, the Director may proceed 
15 directly under 46-15. 5-31 for any past violation or violations of any provision 
16 of this chapter or any regulation duly promulgated thereunder. 
1 7 D. With the consent of any person who has violated or failed, neglected or 
18 refused to obey any regulation or order of the Director pertaining to water, any 
19 condition of a water withdrawal permit or any provision of this chapter, the 
2 o Director may provide, in an order issued by the Director against such person, 
21 for the payment of civil charges for past violations in specific sums not to 
22 exceed the limit specified in 46-15.5-31. Such civil charges shall be instead of 
2 3 any appropriate civil penalty which could be imposed under subsection A of 46-
24 15.5-31. 
25 46-15.5-29. Appeals. -- A. The decision of the Director to issue or deny a 
2 6 permit, to renew or modify a permit, or to set the terms or conditions of a 
2 7 permit, or to issue or modify an order for reduction or suspension of a water 
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1 withdrawal may be appealed to the Division of Administrative Adjudication as 
2 provided for by Chapter 42-17. 7 of the general laws. The Division of 
3 Administrative Adjudication shall hear and decide the appeal in accordance with 
4 said chapter, while at the same time achieving the objectives of this chapter to 
5 the maximum extent possible. 
6 B. The following shall have standing to appeal a decision on an application 
7 for a permit or an application to modify or renew a permit: 
8 (1) The applicant or permittee. 
9 (2) Any applicant for or holder of a permit to withdraw water from the 
1 o same water source. 
11 (3) The chief elected official or legislative body of any municipality or 
12 WMA Board in which the water source is located (regardless of the withdrawal 
13 point location) or which includes all or any part of the area that is served, or 
14 would be served, by the applicant. 
15 ( 4) Any Department, Division, Board, Commission, authority, or other 
16 body or agency responsible for collection, treatment, and/or disposal of 
1 7 wastewater for all or any part of the area that is served, or is proposed to be 
18 served, by the applicant or permittee. 
19 (5) The Coastal Resources Management Council, which right of appeal 
20 shall be limited to matters affecting tidal waters, estuaries, or coastal wetlands. 
21 (6) The State Planning Council, which right of appeal shall be limited to 
2 2 issues of conformance to the State Guide Plan. 
23 C. The Director, and any person or party listed in subsection 46-15.5-
24 29(B), may appeal a decision of the Division of Administrative Adjudication to 
2 5 the Superior Court for the county in which the water source is located. An 
2 6 appeal shall be taken by filing a compliant setting forth the reason for the appeal 
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1 within 20 days after the decision appealed from is filed with the Administrative 
2 Clerk of the Division of Administrative Adjudication. 
3 46-15.5-30. Enforcement by injunction, etc. -- Any person violating or 
4 failing, neglecting or refusing to obey any rule, regulation, order, standard or 
5 requirement of the Director or WMA pertaining to water, any provision of any 
6 water withdrawal permit issued by the Director, or any provision of this chapter 
7 may be compelled to obey same and to comply therewith in a proceeding 
8 instituted by the Director in any appropriate court for injunction, mandamus or 
9 other appropriate remedy. The Director shall be entitled to an award of 
10 reasonable attorneys' fees and costs in any action brought by the Director under 
11 this section in which it substantially prevails on the merits of the case, unless 
12 special circumstances would make an award unjust. 
13 46-15.5-31. Penalties. -- A. Any person who violates any provision of this 
14 chapter, or who fails, neglects or refuses to comply with any order of the 
15 Director pertaining to water, or order of a court, issued as herein provided, 
16 shall be subject to a civil penalty not to exceed $25,000 for each violation 
1 7 within the discretion of the court. Each day of violation of each requirement 
18 shall constitute a separate offense. 
19 Such civil penalties may, in the discretion of the court assessing them, 
2 o be directed to be paid to the State Treasurer or to be paid into the treasury of the 
21 city or town in which the violation occurred to be used for the purpose of 
2 2 abating environmental pollution therein in such manner as the court may, by 
2 3 order direct, and a portion of said fines may be directed to be paid to the WMA 
2 4 to be used in such manner as the court may, by order direct, except that where 
2 5 the person in violation is such city or town itself, or its agent, the court shall 
2 6 direct such penalty to be paid to the State Treasurer for deposit into the Rhode 





























With the consent of any person in violation of this chapter, the Director 
may provide, in an order issued by the Director against the person, for the 
payment of civil charges. These charges shall be in lieu of the civil penalties 
referred to above. Such civil charges shall be deposited by the State Treasurer 
into the Rhode Island Superfund for cleanup of uncontrolled oils and hazardous 
wastes. 
B. Any person willfully or negligently violating any provisions of this 
chapter, any regulation of the Director pertaining to water promulgated under 
this chapter, any condition of a water withdrawal permit or any order of a court 
shall be guilty of a misdemeanor punishable by confinement in jail for not more 
than twelve months and a fine of not less than $2,500 nor more than $25,000, 
either or both. Any person who knowingly violates any provision of this 
chapter, any regulation order of the Director pertaining to water, any condition 
of a water withdrawal permit or any order of a court issued as herein provided, 
or who knowingly makes any false statement in any form required to be 
submitted under this chapter shall be guilty of a felony punishable by a term of 
imprisonment of not less than one year nor more than three years, or in the 
discretion of the jury or the court trying the case without a jury, confinement in 
jail for not more than twelve months and a fine of not less than $5,000 nor more 
than $50,000 for each violation. Any defendant that is not an individual shall, 
upon conviction of a violation under this subsection, be sentenced to pay a fine 
of not less than $10,000. Each day of violation of each requirement shall 
constitute a separate offense. 
C. Any person who knowingly violates any provision of this chapter, and 
who knows at that time that he/she thereby places another person in imminent 
danger of death or serious bodily harm, shall, upon conviction, be guilty of a 
felony punishable by a term of imprisonment of not less than two years nor 
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1 more than fifteen years and a fine of not more than $250,000, either or both. A 
2 defendant that is not an individual shall, upon conviction of a violation under 
3 this subsection, be sentenced to pay a fine not exceeding the greater of one 
4 million dollars or an amount that is three times the economic benefit realized by 
5 the defendant as a result of the offense. The maximum penalty shall be doubled 
6 with respect to both fine and imprisonment for any subsequent conviction of the 
7 same person under this subsection. 
8 D. Criminal prosecution under this section shall be commenced within three 
9 years of discovery of the offense, notwithstanding the limitations provided in 
10 any other statute. 
11 46-15.5-32. Severability. -- If the provisions of this chapter or application 
12 thereof to any person or circumstances is held invalid, any invalidity shall not 
13 affect other provisions or applications of the chapter which can be given effect 
14 without the invalid provision or application, and to this end the provisions of the 
15 chapter are declared to be severable. 




LIST OF WATER MANAGEMENT AREAS IN SELECTED STATES 
Goundwater Management Districts Association 
c/o Wayne Bossert 
1175 S. Range, P.O. Box 905 
Colby, KS 67701-0905 
Wayne Bossert 
NW Kansas Groundwater Mgmt. District 4 
1175 S. Range, P.O. Box 905 
Colby, KS 67701-0905 
Kathy Jacobs, Area Director 
Tucson Active Management Area 
400 West Congress, Suite 518 
Tucson, AZ 85701-1374 
Mark Frank, Area Director 
Phoenix Active Mgmt Area 
15 South 15th Avenue 
Phoenix, AZ 85007 
Douglas Barr, Executive Director 
NW Florida Water Mgmt. District 
Route 1, Box 3100 
Havana, FL 32333 
Jerry Scarborough, Executive Director 
Suwanee River Water Mgmt. District 
Route 3, Box 64 
Live Oak, FL 32060 
SW Florida Water Management District 
2379 Broad Street 
Brooksville, FL 34609 








Southwest Ground Water Management District No. 3 
409 Campus Drive, Suite 106 
Garden City, KS 67846 (316) 275-7147 
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William E. Couch, Manager 
Barton Springs/Edwards Aquifer Conservation District 
1124A Regal Row 
Austin, TX 78748 (512) 282-8441 
Richard Bowers, Manager 
North plains Ground Water Mgmt District No. 2 
603 East First, P. 0. Box 790 
Dumas, TX 79029 (806) 935-6401 
C. E. Williams, Manager 
Panhandle Ground Water Conservation District No. 3 
300 South Omohundro Street, P. 0. Box 63 7 
White Deer, TX 79097 (806) 883-2501 
Gary L. Walker, Manager 
Sandy Land Underground Water Mgmt District 
1102 Avenue F, P.O. Box 130 
Plains, TX 79355 (806) 456-2155 
Gregory M. Ellis, General Counsel 
Harris-Galveston Coastal Subsidence District 
1660 West Bay Blvd. 
Friendswood, TX 77546-2640 (713) 486-1105 
Keith Lebbin, Executive Director 
Western Kansas Groundwater Mgmt District No. 1 
West HWY 96 
Scott City, KS 67871 
Michael T. Dealy, Manager 
Equus Beds Ground Water Mgmt District No. 2 
313 Spruce Street 
Halstead, KS 67056-1925 
John Turnbull, General Manager 
Upper Big Blue Natural Resource District 
105 Lincoln A venue 






KINGSTON WATER DISTRICT 
WEEKLY PUMPING DATA 1986-1990 









































































Total Production: 99,546,400 
Highest week: Week ending 7/16: 
Lowest week: Week ending 1/15: 











































1987 Kingston Fire District Water Department 




















































TOTAL 72,030,300 Gallons 
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Station 12 





















































































KINGSTON FIRE DISTRICT 
PUMPAGE REPORT 1988 
Week ending Station U Station 12 Total 
1/6 2,141,200 13,800 2,155,000 
1/13 2,073,000 2,073,000 
1/20 2,194,600 2,194,600 
1/27 2,262,600 1,600 2,264,200 
2/3 2,203,300 20,000 2,223,300 
2/10 2,154,000 146,000 2,300,000 
2/17 2,112,200 2,112,200 
2/24 2,145,200 7,400 2,152,600 
3/2 2,020,000 2,020,000 
3/9 2,158,500 2,158,500 
3/16 12,200 2,003,800 2,016,000 
3/23 1,956,000 176,400 2,132,400 
3/30 2,256,500 2,256,500 
4/6 1,970,500 364,300 2,334,800 
4/13 2,082,900 76,400 2,159,300 
4/20 2,285,800 2,285,800 
4/27 1,959,000 46,000 2,005,000 
5/4 1,907,110 1,907,110 
5/11 2,321,390 2,321,390 
5/18 2,330,270 2,330,270 
5/25 2,622,140 2,622,140 
6/1 2,471,290 2,471,290 
6/9 2,278,320 2,278,320 
6/16 2,594,360 2,594,360 
6/23 2,851,790 2,851,790 
6/29 2,860,000 2,860,000 
7/6 2,514,580 2,514,580 
7/13 2,527,380 2,527,380 
7/20 2,392,700 48,100 2,440,800 
7/27 2,093,670 2,093,670 
8/3 2,336,500 2,336,500 
8/10 2,503,670 2,503,670 
8/17 2,764,540 131,300 2,895,840 
8/24 2,716,850 2,716,850 
8/31 2,325,730 106,500 2,432,230 
9/7 2,443,760 2,443,760 
9/14 2,390,260 2,390,260 
9/21 2,379,730 2,379,730 
9/28 2,501,170 2,501,170 
10/5 2,416,390 2,416,390 
10/12 2,263,900 2,263,900 
10/19 2,419,600 400 2,420,000 
10/26 2,323,080 2,323,080 
11/2 2,287,320 2,287,320 
11/9 2,436,340 2,436,340 
11 /16 2,363,580 2,363,580 
11/23 2,364,080 2,364,080 
11/30 2,352,880 2,352,880 
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PUMPAGE REPORT 1988 ICWD page 2 
Week ending Station tl Station 12 Total 
12/7 2,286,840 2,286,840 
12/14 2,368,160 2,368,160 
12/21 2,316,950 2,316,950 
12/28 2,222,630 2,222,630 
Total: 109,989,260 11,689,200 121,678,460 
gallons gallons gallons 
Highest Week: 2,895,840 on 8/17. 
















































KI~~ FIRE DISTRICT 
PI.MPAGE Rm:JRT 1989 






























































































Tctal: 109,808,150 15,682,100 
gallons gallons 
Average: 343,809 
H.:.ghest week: 2,917,390 on 9/14. 












KINGSTON WATER DISTRICT Pumpage 1990 
Week Ending Well !11 Well #2 Total 
--------=---============================================ 
01/03 1,118,510 1,151,600 2,270,110 
01/10 417,500 1,638,800 2,056,300 
01/17 2,194,810 0 2,194,810 
01 /24 1,265,330 891,400 2,156,730 
01 /31 1,286,500 884,300 2,170,800 
02/07 6,090 1,966,600 1,972,690 lowest 
02/14 2,126,770 0 2,126,770 
02/21 2,001,120 112,100 2,113,220 
02/28 378,350 1,745,500 2,123,850 
03/07 1,824,780 230,000 2,054,780 
03/14 1,899,090 199,000 2,098,090 
03/21 1,904,000 295,900 2,199,900 
03/28 2,377,210 36,500 2,413,710 
04/04 569,260 1,752,600 2,321,860 
04/11 2,262,340 35,000 2,297,340 
04/18 1,949,540 428,700 2,378,240 
04/:5 0 2,323,800 2,323,800 
05/02 772,210 1,864,400 2,636,610 
05/09 207,330 2,203,000 2,410,330 
05/16 20,930 2,452,700 2,473,630 
05/23 5,270 2,256,500 2,261,770 
05/30 515,740 1,997,100 2,512,840 
06/06 397,220 2,113,100 2,510,320 
06/13 308,030 2,047,000 2,355,030 
o6no 455,610 2,081,300 2,536,910 
06/27 381,220 2,232,000 2,613,220 
07/04 367,430 2,128,100 2,495,530 
07 /11 202,260 2,472,100 2,674,360 highest 
07/18 1,049,600 1,363,400 2,413,000 
07 /25 552,180 2,012,300 2,564,480 
08/01 364,670 2,124,100 2,488,770 
08/08 20,970 2,597,000 2,617,970 
08/15 1,128,670 1,227,100 2,355,770 
08/22 1,805,200 763,700 2,568,900 
08/29 2,348,900 0 2,348,900 
09/05 2,486,050 0 2,486,050 
09/12 2,416,340 26,000 2,442,340 
09/19 1,996,300 263,600 2,259,900 
09/Z6 2,156,000 0 2,156,000 
10/03 2,159,000 0 2,159,000 
10/10 2,259,000 0 2,259,000 
10/17 2,281,000 0 2,281,000 
10/24 2,170,180 0 2,170,180 
10/31 2,288,330 0 2,288,330 
11/07 2,360,850 0 2,360,850 
11 /14 2,458,140 0 2,458,140 
11/21 2,32?,060 0 2,329,060 
11ns 2,:26,960 237,200 2,464,160 
12/05 659,110 1,530,100 2,189,210 
12 /12 1,980,200 395,200 2,375,400 
1 2 /1? 362,:00 1,880,600 2,242,800 
12/26 2,141,050 0 2,141,050 
--------------------------------------------------------- ---
T-::ital 69,214,410 51,959,400 121,173.810 
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water Production 1954 to Date KWD 
Year Gallons Daily Average 
1954 9,508,547 26,051 
1955 10,116,855 27,717 
1956 11;103,782 30,421 
1957 12,023,974 32,942 
1958 11,984,106 32,833 
1959 12,497,348 34,239 
1960 13,906,303 38,099 
1961 14,678,675 40,216 
1962 14,157,000 38,786 
1963 15,966,060 43,743 
*1964 to 1970 not available 0 
1971 39,929,000 109,395 
1972 38,224,900 104,726 
1973 48,707,600 133,445 
1974 49,857,400 136,596 
1975 47,444,700 129,985 
1976 51,566,900 141,279 
1977 56,838,500 155,722 
1978 53,944,600 147,793 
1979 65,874,200 180,477 
** 1980 93,095,400 255,056 
1981 88,215,200 241,685 
1982 85,769,900 234,986 
1983 93,402,200 255,896 
•** 1984 101,974,400 279,382 
1985 83,619,500 229,095 
1986 99,546,400 272,730 
1987 110,488,400 302,708 
1988 121,678,460 333,366 
1989 125,490,250 343,809 
1990 121,173,810 331,983 
* In 1964, the District developed its first well on the Chipuxet Aquif 
Prior to this date, water was provided from a surface water catchme 
on Biscuit City Road 
** East Farm's Aqua-culture facility comes on line 
••• U.R.I. comes on line while painting their water tower 
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APPENDIX E 
URI MONTHLY PUMPING DAT A 1985-1989 
The Unoversily of Rhode Island, Kingston, RI 028111-0801 
Ofhce of Cap11a1 Pro1ects. Sherman Bu,ldmg (401) 792-2725 
Robert DeMeyere 
Meridian Power Corp. 
125 World Trade Center Boston 
Boston, MA 02210 
Dear Bob: 
Apri 1 26, 1990 
As you requested, here is a table showing the number of gallons of 



















































































Not Avai 1. 
162,052,000 
Our recoids indic~~e negligible quantities pumped from other two wells 





Paul M. DePace, Director 
Office of Capital Projects 
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APPENDIX F 
CHIPUXET RIVER FLOW DATA (1975-1991) 
USGS MONITORING STATION AT ROUTE 138 
PAIICATIJCK RIVER BAS!:: 
0111735~ CF.IPIJIET RIVER AT WEST USCSTON, R.I. 
117_ 
Lt".ICATTC'I~. • -Lat • t •:a 1 561'. 1011~ 11 •3~ 'JJ6". Washin.cton County, on riIbt bank at l(est Xinrston, at dovnstreaa side of 
~riJr.• on State llichway lll, 1.S ■i (Z., Jr■ ) vut of tinsston, aad 3.1 ■1 (S.O lea) upttnaa froa Worden Ponti. 
nRJ.I~:Ac:t ARtA.·•9.99 r.11 c:s.,~ ta 1 ). 
DISCHARGE RECOIUlS 
rF.RIOD OF RECOIUl.··February 1951 to July 1960 in lthode Island Water lesourcas Board C:.olo1ic lulletia u. Septea• 
ber 1!)73 to current year. 
CAC:E.••Water•sta1e recordn. Altitude of 1a1e h 9S ft (29 ■J froa topocraphic aap. 
JO!ARKS.··Records 100d. Dinrsion above station for supply of Uninrshy of Rhode hland. 
EXTRE.'!ES.••Period of rocord: Nniaua daily dhchar11, 71 ft 1/s (2.01 a 1/s) Feb. 27, 1960; ain1aua discharae, 
,.z ft 1 /s (C.12 ■ 'Is) Aue. %1, 22, 197,. 
Current year: l!axh.ua discharce, 60 ft 1/s (1.70 ■1 /s) Feb. 26 (1•1• heisht, 6.13 ft or 1.161 a); ainurua, 
s.o ft 1/s (0.1' •'Is) Oct. 15, 16 .. 
Inst:intaneou.s 11axi11.um and riini■UI!: discharies not available prior to Ser,t. 1,. 1973. • 
.... : ... L,.bttt• I'• l.•1"1!t,; ht.! I-It.~ c:.t.c, .. ,u. wATEk .,p: .. ., \ICT~ER 1974 TO S[.,TE.Mti(IJ l97S 
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PAWCATUC. ?.IYER BASIS 
011173S0 CHIPUXET R!\"ER AT WEST KINGSTON, RI 
LOCATlON.·•Lat 4l.2S'S6", long 11•3J'06", Washinaton County, Hydrologic Unit 01090005, on ria:ht bank at West 
Kineston, at downstream side of bridge ~n State Hiehway 138, l.S mi (2.4 km) west of [ineston, and 3.1 ai 
(S.O km) upstream from Worden Pond. 
DRA!SAr.E AREA.··9.99 11i2 (2S.8' km2 j. 
WATER-0 I SCHARGE RECORDS 
PERIOD OF RECORD.·-February 19S8 to July 1960 in Rhode Island Water Resources Board Ceolosic Bulletin 13. Septea 
ber 1973 to current year. 
GAGE.--Water-stase recorder. Altitude of sage is 9S ft (29 m), from topographic map. 
REMARXS.·•Records good. Diversion upstream for supply of University of Rhode Island. 
EXTRE~ES FOR PERIOD OF RECORD (SINCE 1973),•·Maximum discharRe, 88 ft 1 /s (2.49 m2/s) Jan. 29, 1976, gage hei~ht, 
6.64 ft (2.024 "); mini11um, 2. 7 ft'/s (0.076 m3/s) July 28, 29, 1976. 
Instantaneous tDaximum and mini■ua discharges not available prior .to Sept. 14, 197l. 
EXTREMES FOR CURRENT YEAR.--Maximua discharge, 88 ft 1/s (2.49 m'/s) Jan. 29, eage heieht, 6.64 ft (2.024 a); 
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OISCHAHGE, IN CUBIC FEET P~k SECO~O, wATlR YEAR OCTOBEH 1975 TO SEPTEMBEk 1976 
MEAN VALUES 
NOV DEC JAN F.E9 MAR APR .... JUN JUl. 
8,9 28 41 52 26 27 18 12 5,7 
8 ... Z6 38 58 25 32 22 13 5,7 
8,0 23 35 68 25 36 27 13 s ... 
1.1 Z2 34 62 26 ,i. 28 IZ s ... 1.s 19 33 54 25 25 12 4,9 
7,2 19 29 -~ 27 28 zz II ... 9 6,9 18 27 .... 27 26 20 II ... 6 
1.0 18 37 1,J 25 z• 19 9,8 4,5 
1 ... 17 so 39 2" 2• 18 9,b 4,2 
7,5 19 47 37 24 23 16 9,2 3,9 
···-------
7.9 21 •o 3~ 24 22 16 8.6 ..... 3.9 



























13 6,9 17 2_1 .._- __ 3~_-_. 35 31 . 21 .. 18- · -'7,9·---.,,,2--·i8-- --<;,• 
14 ·- -7~,--38 20 41 3,. 43 20 18 1.1 3,9 14 S,Z 
IS 7,1 ,.9 19 56 32 -1 19 18 6,9 3.8 II ••8 
16 6,Q 42 18 sz 32 .... 19 17 6.8 3,6 9.2 ... 6 
17 6.5 3• 17 ._49 32 "" 19 18 6,8 3,6 9,0 ... a 18 7.6 26 17 fo6 33 ,.3 19 19 6 ... 3.8 8,0 S,b 
19 10 22 17 •o 3,. -1 19 20 6,2 3,6 1.1 6,1 
20 12 19 17 34 34 38 18 20 6,2 3,2 6.8 5,6 
21 II 18 17 31 32 37 18 19 6,4 3,2 6,4 5,7 
Z2 II 21 18 31 32 35 17 18 6.1 3.1 6.1 5,7 
?3 9.9 24 18 29 36 32 16 17 5,6 3.1 s.1 5, .. 
2- 8,A 26 16 28 38 30 16 16 5.4 3,5 5,6 s.2 
2~ 9,6 26 IS 26 36 28 16 14 5.1 3,8 s.2 • 5, I 
26 12 ZS 19 26 33 28 18 14 4,8 3 ... ... 9 •• 9 
Z7 I" ZS 44 32 31 27 19 13 s.1 Z,9 5.6 ... 9 
28 14 30 61 62 29 27 20 12 •• 6 Z,9 6,1 s.z 
29 12 34 53 85 27 28 19 12 ... 8 2.1 6,6 s.1 
30 II 32 "" 74 28 18 12 5,1 3.0 5.9 5,2 31 10 41 61 26 12 3,2 5.2 
TOTAL 274,1 600.3 7,.. 1281 1135 960 660 554 236,7 122,1 268.3 158,3 
MEAN 8,84 20.0 2 ... 0 ... 1.3 39,1 31.0 22.0 17,9 7.89 3,94 8,65 5,28 
MAl I• 49 61 85 68 ,.7 36 28 13 S.7 27 6,1 
MIN 5.7 6,9 IS 26 27 24 16 12 4,6 z.1 3 ... ••6 
CAL YR 1975 TOTAL 7587,9 .11£AN 20.a MAX 61 MIN 5,4 
WTR YR 1976 TOTAL 6993,1 MEAN 19•1 MAX 85 MIN Z,7 
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PAWCATUCK RIVER MS I.~ 
OJJJ73SO CHirUXET RIVER AT WEST KINr.STON, RI 
LOCAT!ON.--Lat 41'28'56", Ion~ 71'33'06", Washin,iton County, Hydrologic Unit 01090005, on right bank at West 
Kin~ston, at downstream side of bridRe nn State Highway 138, 1.5 mi (2.4 km) west of Kingston, and 3.1 mi 
(S.O k11) upstream from Worden Pond. 
WATER-DISCHARGE RECORDS 
PERIOD OF RECORD.--February 1958 to July 1960 in Rhode Island Water Resources Board Geologic Bulletin 13. 
September 1973 to current year. 
fiAl>E. --Water•stage recorder. Altitude of gage is 95 ft (29 11), from topojtraphic map. 
l U 
REMARKS.--Records good prior to June and fair thereafter. Diversion upstream for supply of University of Rhode 
Ishnd. 
AVERAr.E DISCHARC.E.··S years (water years 1959, 1974-77), 19.2 ft 1/s (0.544 m1/s). 
EXTREMES FOR PERIOD OF RECORD (SINCE 1973}.··Maximum discharge, 88 ft 1/s (2.49 m1/s) Jan. 29, 1976; gage height, 
6.64 ft (2.024 m); minimum, 2.7 ft 1/s (0.076 111 /s) July 28, 29, 197.6. 
Instantaneous maximum and minimum discharges not available prior to Sept. 14, 1973. 
EXTREMES FOR CURRENT YEAR.··Maximum dischar~e, 69 ft 1/s (J.95 m1/s) Apr. 6, gage height, 6.31 ft (1.923 m); aini-
















































DISCHARGE, IN CUBIC FEET PER SECONO, WATER YEAR OCTOBER 1976 TO SEPTEMBE~ 1977 
MEAN VALUES 
NOV DEC JAN FEB MAR APR MAY JUN JUL 
8.9 4.6 7,6 9,1 5" 37 24 1- 13 
1.1 4ob 7.3 8ob 50 35 24 13 13 
6,3 "•b 7.J 8.4 44 38 23 14 12 
6.1 4,3 7. I 8.2 38 41 23 14 12 
5.9 •• 4 1.1 8.2 •O 51 23 13 11 
5.7 4,4 b,9 8,9 "b 67 24 13 I 0 
-5,3 . -· 5.3 ____ .J...3 ~-9 .. 7 68 26 15 9.3 
5.3 7.8 7.8 8,4 .,3 bl 25 15 a ... 
5.3 10 s.• 6,2 38 5• 27 15 8.6 
. 5.3 9,8 12 7.B - 9~- ----·- . ·---- 60;?_. __ 3" ·---- _5~-- - ., __ 36 ____ 23 . 
9.6 5.2 9,1 22 8,0 32 4b 42 33 7,3 
8.9 5,0 8,2 31 8.2 29 43 43 38 7.8 
e.4 5.o 8.o 30 9,1 29 40 40 36 7.8 
7.6 s.o bo9 2" 12 38 39 35 31 11.0 
b.7 ... 8 607 21 14 50 37 32 27 7,8 
5.9 4.8 b,S 18 14 53 36 29 23 7,1 
S.7 4ob 6,7 lb 13 .. 9 35 27 20 7.J 
5,5 4.4 b,9 14 12 43 33 26 18 1.1 
5.2 4,4 b,9 13 II 41 32 25 lb 6.7 
5,9 ... 4 6.9 12 II 40 30 24 IS 6.9 
10 4.0 8,2 11 11 38 29 23 14 6.3 
14 3,8 8.b 11 10 .. o 30 23 13 b.7 
16 3.7 9.1 10 9.8 Sb 29 zz 12 5.7 
14 3.7 8.9 10 9,5 67 29 21 11 5.7 
13 3,8 8,2 10 21 62 29 20 10 s.3 
12 4.3 8.o 10 42 54 30 20 13 6.5 
12 4.3 8.o 9.8 47 48 30 19 14 b.5 
II 4,4 8.2 9.8 50 44 29 17 14 6.5 
JO ... 4 8.o 9,8 "i 27 lb 15 e.o 
9.11 "•b 8,0 9,8 .. o 26 15 I" 7,1 
9,1 7.8 9,5 39 14 7.8 
255.7 149.8 223.b 390.3 397.7 1367 1161 788 536 250.B 
8,25 4.99 1.21 12.6 14•2 .. 4.l 38.7 25.• 17,9 8.09 
lb 8.9 10 31 so 67 68 43 38 13 
... 5 3.7 ... 3 6.9 e.o 29 26 14 10 5.3 
1976 TOTAL 6004,5 MEAN lb.4 MAX 85 MIN z.1 
1977 TOTAL 5991 ,I MEAN 16, .. MU 68 MIN 3.7 
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AUG 5£P 
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,. 70 7,75 
13 12 
4.1 4.6 
112 PAJICATUCI RIVER BASIN 
01117350 CHIPUXET RIVER AT _WEST IIN_GSTON, RI;,. 
LOCAT!ON.--Lat 41•21•56", long 71°ll'06", Washington County, Hydrologlc Unit 01090005, on ri1ht bank at West 
llngston, at downstrea■ side of bridae on State Hl1hway 138, 1.5 ■ ! (2.4 lea) west of lln1ston, and 3.1 ■ I 
(5.0 u) upstrea ■ fro■ Worden Pond. 
DRAINAGE AREA.--9.99 ■ i 1 (25.87 k■ '). 
WATER-DISCHARGE RECORDS 
PERIOD OF RECORD.--February 1958 to July 1960 in Rhode Island Water Resources Board Geologic Bulletin 13. 
Sopte■ber 1973 to current year. 
GAGE.--Water-stage recorder. Altitude of sage is 95 ft (29 ■), fro■ topo1raphic ■ap. 
REMARlS.--Records 100d. Diversion upstrea■ for supply of University of Rhode Island. 
AVERAGE DISCt!ARGE.--6 years (water years 1959, 1974-78), 20.8 ft 1 /s (0.589 ■ 1 /s). 1 
EXTREMES FOR PERIOD OF RECORD (SINCE 1973).--Naxi ■llll discharge, 208 ft 1 /s (5.89 ■ 'Is) Jan. 27, 1978; gage height, 
7.54 ft (2.298 ■); ■ ini ■ ua, 2.7 ft'ls (0.076 ■ 'Is) July 28, 29, 1976._ 
Instantaneous aaxi ■ia and ■ ini ■ Lm discharae not available prior to Sept. 14, 1973. 
EXTREMES FOR CURRENT YEAR.--Maxi■ llll discharge, 208 ft 1 /s (5.89 ■ 'Is) Jan. 27, gage hei1ht·, 7.54 ft (2.298 ■); 































~f.AN 18,0 .... 33 .. ,.. 8,0 
CAL YW 1977 TOTAL 
•TW ... 1978 TOTAL 
Olsc~aWC",E, ·~ CUBIC rEET PE~ SECONO, •ATER YEAR OCTOBEW 1977 TO SEPTE~dE~ 1978 
ME AN ~ ALU[ S 
NO~ DEC JAN rE~ MAR APW "" JUN JUL 
13 ZI 34 60 z• 47 22 3q 14 
13 2~ 34 54 23 42 21 3b 14 
I J 20 33 49 zz 38 21 34 I 3 
12 2• 32 46 23 Jb 20 33 Id 
12 c6 31 42 23 Ji. 23 32 22 
12 27 JO 42 22 33 27 31 23 









17 27 28 So 21 31 30 - 2q 23 ----- 2l. Jo· --·Jo ·-32 32--2• z?····-- -- --,.5- 21 22 2J· 
31 28 bb 41 zo 29 41 33 20 23 
--------- --n-- --- ,., ·zo 
29 2h ss 37 20 28 43 30 17 19 
26 24 46 36 20 2b 39 28 lb 18 
23 24 57 34 22 27 3b Z6 14 17 
21 34 84 32 3'- 27 53 25 I'- IS 
19 ,.9 HO 31 53 26 75 23 15 14 
ld 49 bb Jn Sb 25 77 22 lb 13 
19 •2 60 30 46 2- 68 ZI 16 12 
I q 37 "60 2~ 37 24 59 21 15 11 
1q 33 bb 2d 35 31 SI 20 l> 9.3 
IH J~ b'- 27 35 40 4b 20 I'- 8,9 
17 ss 55 27 "' 
43 42 20 I'- 8,0 
17 72 48 Z6 52 3~ 39 19 13 1.2 
17 6b '-3 Zb So 33 30 1q IZ 7,2 
l 7 SH 41 20 ,b 30 SI 18 II 7 ... 
111 51 104 ZS 51 28 75 Id 9.8 7,6 
18 47 201 25 53 Zb 73 17 8,9 1,b 
18 42 151 24 6Y 25 62 lb 8,2 11. 0 
18 3q 107 71 z- 53 IS 8,2 8.6 
IH 3~ 82 62 23 47 15 8,0 8,2 
34 00 SJ ,.z 8,0 1,8 
560 ll'-8 lYbl 1015 1163 930 1381 7S4 '-b'-•l 397,8 
18,7 J7,0 ~J.J 36,3 37,5 JI, O 4 ... ~ zs. 1 1s.o IZ,8 
32 12 201 bO 71 47 77 3v 23 23 
IZ 21 Z8 24 zo 23 zo 15 8,0 1 ,z 
7628,l MEA'-1 zo.q ~u 72 MIN ... 1 





































l" P.&WCATUCl RIVER BASIN 
0111 7JSO CHI PUXET RIVER H WEST (lNGSTO.•, RI 
LOCUIOS.·•Lat Cl O 28' S6" • lon1 71 °B' 06", W.ishinaton County, Hydrolo1ic Unit 0109000S, on r I ght bank " hest l1niston, " downstrea,a s I de o[ br i dgc on State Hiahway I JA • l. s •i (2.• k ■ ) "°CS( o[ ltngston, and ,. I !Ii Is. o k ■ ) upstrea ■ fro■ Worden Pond. 
DR.<l,AGE AREA. --9. 99 ■ I• ( 2S. 87 k ■'). 
WATER-DISCHARGE RECORDS 
PER !OD OF RECORD. ··Fcbruar:, I 9S8 ro July 1960 in Rhode 1 s 1 and Wat er Resources Board Gcc!Vi IC Bu: '.ct in U. 
Scrte ■ bcr l 97l to current :,-car. 
G.,GE. ·-Water - stage recorder. Alt i tudc of gage IS 9S ft ( 29 . ) ' fro■ topographic ■ .Jp. 
RE.'t4.IUS. --Records good. 01 vcrsi on upst rea ■ for supply of Uni vers It y of Rhode Is land. 
AHR AGE OJ SCHAAGE. .. 7 ycar s (water years l 9S9, 197'· 79), 21. 6 ft I /S (0. 611 •• /s). 
EXTR E."'4ES FOR PER !OD Of RECORD (SINCE 1973) .•. .,.,ui ■ l.l8 discharge, 201 ft 1 /s IS. 89 ■ I /S) Jan. 27, I 9'8; gage he I ght, 
7.S.t fl ( 2. IOI • l; ■ 1 n I au.a, Z.7 £t 1 /S ( o. 076 •' /s) July 21, 29, l 9i6. 
Instantaneous ■ a 11 ■ u• and ■ in 1•uei discharges nor available prior ro Sept. 1', 19,,_ 
EXTi: E'IES FOR CURR E.ST Yf.A.R. • •"4a11 ■ u• d1 scharge, l 6l ft 1/s ( •. 61 ■ 1 /s) Jan. 22, gage he I g!'lt, 7.17 ft 12.l8S . ) ; 
■ 1n: ■ u■, •. 8 ft 1 /s ( 0. I< ■ 'h,} Sept. 21. 
o I sc .. .a..-~t. I• CuBI C Fl[l >(• Sf Cll._.J, .... fl? ,l.t.iot UCTObti. l'f7tl 1U ,;;f? I[--~~ .. 1cnq 
Ml .... "ALUt:, 
L'~, oc 1 ,ov OE C ,.. '(• ... ... . .. J'J .. J·Jl •uu ")t>I 
5.) .. . J) I• Sb ,. ,. •O 11 ... .. ' 
., • 1 .. ) I• ll 5l bl lh )S • I I• 1,t:- 7 .• 
5, I .. ) 11 )• 5• ,. )( " I• 
,,, 1 _, 
5, I ,. I 11 s. .. ... JI )I J1 I 0 h , .. 
s .• .. ) I• 51 •) •l li' )0 )< " ll ,. J 
7 •• 5, J I 5 • I • I • I )2 ,. )0 I' ~, "·' 7 ... 5,5 15 JS J• 5• ll 27 H IS lO I) 
• 7 •• s.s I• • l )7 77 l9 l> )b I> lO 1, 9 7 •• 'j.) J> bl )h J) ,, ,. l• I• II 15 
" .. , 5. I 2l bd )5 bl 2• l• ll l l I 5 I• 
II b,) 5. I 2S 5• )) 5• )J 2) )O ll I• l l 
ll 5 ,5 5, I c5 J? so ll Zl 2• II l l ,,5 
Il 5, I '>,I ll l• ll •b " n 2• II " ,.u I• b.) 5, I I• s, ,. • J 28 )O ,, lo I• I ,0 
" 7 ,2 5, I I' 
,. 2• •l )n •0 ZS 10 lO 1. l 
I, 7.' 'j.J I' •• /1 •l ) 2• ... I e , ,0 
" s.o ,;. I lh " 
,, .. ) •2 2) •. 9 I' ... 
Id 1 .o 7,0 lh • 1 ,s )0 )I )K 2• 9 .• I, •• I 
I• b,b •• ? IS • I l• )b 2, l• ll 4. 1 I) ,. 7 
10 h,b .. , I• )d l• l• ,, )) ,s ... , I) ,. J 
ll 6.• .. , I• 5S l• )) (5 )l l) •• 0 12 ,. 0 
ll b-• 8. 0 15 I• 7 ,. )2 l• )O ll .. ) I) I 2 
l) b, I 1 •• lh Ill lA )I 2) )O l l •• l I) 11 
l• b • I a. l lb .. )) )O ll ',b 20 1.b I) I• 
» 5 .• d.9 ,. ., S• )0 21 JOl I• 1,) J) I 8 
,, 5,' 9, I )0 120 1, )0 21 100 18 b.O ll I, 
?1 ... 9,) )) I Ob IOI )0 ,. bl I• II II () ,. b,b v,) JO •• •• ,. • I bO 17 II •. 5 II ,. b,h .. ) 2' 11 l• •V Sb II II •• I . .. 
" .. , II ll ., 
,, •b 52 lb II ... •• J 
31 b,b I 9 bO 21 • 1 I 0 , .. 
TOI .I.L 200,) 20b, I s ,. I qe~ I I S7 ll'-1 e.2 lltiO A)':, )b),e, .. 2-..1 .I!\'-• H 
""[ AN b,'-b b. F17 I Fl, S b• ,2 '-1,J Co),) 2q, 1 ,. I• J 21.tJ 11,7 I J,q I iJ, 2 . ., ... II )) I• 7 IO 1 11 •9 IOl I• ,, I 0 
•I• 5, I 5, l I) I• ,. 21 ll Zl .. b,O b,b .,_ 0 
C'l '" \C.,7tt TOT AL ..._2 .. 1. I Mt AN l5.J ... lOI •I• ',I ..., . I q7',) rot AL q512.'> M[ AN lb,2 I• 7 •Is 5, 0 
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l ZO PAWCA rue, R l\'ER SAS IS 
Ol I l 7HO CHIPU\ET RlrER H lit'EST ll!\IGSTO'i, RI 
LOCATIOP'i.·-Lat • 1 °28' S6", Jo:,g 71°33'06''' Wash1ng!on Count'!', Hydrolog1c Un ! 01090005, on r I iht b.1:'li lt We st 
l' 1 ngston, at downs tr ea• SI :e: of br I dge on St,He H1gh•;1, 118, I 5 .. (I I .,, : of t.:1:-,&HV:l, J;"IC l. I .. 
( 5. 0 I ■) upH rea ■ fro■ lfo ~ .:!en PoniJ. 
ou1,AGE AREA.··9.99 ■ i 1 (11.,, --=t). 
WATcR·DISCHARGE RECIJRDS 
PERIOD OF RECORD.· ·Ftbruar~ l 918 to July l 9b0 In Rhode: Is 1 a,d W3 t C:t Resources Su.!· 1 Ge:olog1; eu I le: t l n j}. 
Sept e.11:1be:r 19B to cur rent \'e:Jr. 
GAGE. -•Water-Hage: recorder. Datum of tage " 89. ,o ft ,:..,_:,·1 . ) ' Rhode: I 5 I Jnd St.n~ 80.1 r J .Jf Puo: 1; Ro.1Js Jat u■. 
R EHAJ«S. • -Record,; good. D1 \tr:,. l ')n upst rea• f o, surp l:,- of Un 1 ,·er s It y of Rhode: Is I and. 
AVERAGE 01 SCHA?GL • -I years '•at i:-r )"1!,U5 l 9S9, 1 9 ~ i - ~o l. 21..C ft'is ( o. b06 .11 '/s I. 
EXTRf.>IES FOR PERIOD OF RECORD !StSCE 19:'j)_. ·"lax1au11 J,~char&c:, :oa ft'/s i S. 89 ■ I /5) Jan. 1978; s~ ~e he I bht. 
7.S• ft {2,.?9! ■): .. 1n1aua, : . .c rr 1 /s (O.Ob! ■'':,.) Sept. }0, I ,80. 
InstJntaneous ■ .i :r i ■ u ■ a:id :tl!\l ■ USI d1s:::ha:,es not av.a I lab I c: pr 1or to Sept. ". ! 9" 3. 
EXT'lsES FOR CUR HST YE.AR. - -"la1111um dtscharie, I 9 ~ ft'.'s !S.5: •• /5) Iota r. :J. 6age he L gr-. t, • " ft I : - : ~ 5 11J; 
■ 1n1a:u11, 2., ft'/s { 0. Ob! • '-'s l Sept. JO. 
0 I SCHARG E, " CU! IC FHT PER SECOSO, •iATER YEAR l)CTOSER I 9"9 TO SEPTE>IBER ! ~80 "If.A.\ \',LUES 
OAY OCT sov OlC JA."i f ES '<AA <PR •<AY Ju, JUL ~l!,G SCP 
11 11 z: 11 12 ,: 51 10 I b ~- .b 4.1 
ll 11 :o I b ,: II s, 4) I b 9. .., 
lb )7 19 11 1: II 49 JI lb 9. ' . b ,.1 !Z J• I! 11 II I 0 <9 H I b 9. I LI 
JI <J 11 " 11 I 0 59 ll I b I. 9 b. b ; . 9 
b :9 JS 1; 1, 11 I 0 bl JO I 5 II ;. 
7 1b JJ 11 14 ll 9. I 5• II 11 ,. 3.• 
8 ll ZI z, ll 11 II 47 28 21 II ; J. I 
9 10 2, 15 ll II ll ,z I? ll I 0 b. J.2 
10 10 11 H l l 11 ll SI 17 ll 9. 1., J. l 
JI 20 II ZI ll II " ;9 lb ZI 8. 1., 2. 7 11 11 17 10 l7 II )4 77 II II 9 I. b J . 0 
1 l 11 JI 11 " II " 6S lb 19 7. b 1.8 J. I 1, ll J• 13 :J 10 I 9 SI !b II •. 2 J. 0 
IS II JJ 14 II I 0 JO 11 II I b '· ; . b J I 
16 zo ll 11 II II JJ '8 I< IS b. ! 1., J. I 
17 11 29 1, I 9 ll 19 '6 IJ " b. b l. • J. 0 I 8 l7 17 II 18 1, JI 0 21 ll b. b I. I 1.8 
19 II II 10 " ll b1 )9 II ll •. ! .I I. 8 10 ,. 1' I! lb ll bl JI .. 11 •. 8 . 9 5.1 
11 " ,J 18 15 ll s• )6 12 11 b.l •. 6 J. 9 II 1' ll 17 " 1 l 111 i, !) II •. J •. 9 ). ' ll ll II 17 lb 1, 180 JJ IC II b. ! <.9 J.l 
IC ll 22 17 lb II l ll JI ll 11 6 . .? .. 7 J.I 
IS 12 11 II 16 J b l 00 JI 11 l 0 b. Z ,.7 2. 9 
16 11 21 10 IS 11 ll 29 :o 9. 7 1.8 '-1 2. 7 
17 12 11 1' 1' 70 27 19 9. l 5.8 l.b 1.7 
21 :1 24 II " 1' bl JO II 1.1 6. I '·' 2. 7 19 !l IC 10 ll ll Sb l) 17 1.7 b. J ,.z l.b 
JO II Zl 18 I} 55 •9 16 9. J 7.4 ,.1 z.• 
JI II 18 l l lb lb 7.8 '-1 
TOTAL 5)6 769 bl J 491 lll 1 l97. I 1 •o• 79b •u.s 14). S 169. 1 10'-l 
~EA.~ 17. J 21. b 10. • II.I 11.J '5.1 '6.1 25.1 , •. ! 1.IS s.•1 l. •s 
~Al JI 0 II ll lb 110 79 50 ll 12 1. b I.I 
•1• ll 11 l? l l l 0 9. I 17 I b I. 7 5.1 ,.1 2.. 
CAL YR I 979 TOTAL lOSII. l •= 18. I ><Al 147 •1• 5 . 0 WTR YR 1910 TOTAL nu.a "4EA~ 20. 1 ><Al 110 MIN 2.4 
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I 04 PAWCATUCl RIVER 8AS!N 
OJI I 7350 CH!PUXET RIVER AT WEST l!NGSTON, Rl 
LOCAT!ON.··LH 41°28'56", long 71°33'06", lashinaton County, Hydroloaic Unit 0109000S, on riaht bank at llfest 
lingston, at downstrea ■ side of bridae on State Hiihway 138, 1. S ■ i ( 2. 4 k■ ) 19'tSt of linaston, and l. l ■ i 
(S.O k.■) upstreac fro■ Worden Pond. 
DRAINAGE AREA.· -9. 99 ■ i' ( 2S. 87 k■ '). 
WATER-DISCHARGE RECORDS 
PERIOD OF RECORD.--February l 9S8 to July I 960 in Rhode Is land later lesources Soard Geologic Bulletin 13. 
Septe ■ ber 197l to current year. 
GAGE. - - ,u t er •stage recorder. Datum of gage i' 89. 80 ft ( 27. 37 ! ■). Rhode Is land St ate Board of Public Roads 
dat u■. 
RE.MAUS.·· Records fair. Doubtful gage-height record June 2 S to July 28. Diversion upstrea ■ for supply of 
University of Rhode Island. 
WERAGE DJSCHAJ!GE.•·9 years (water yea rs I 959, I 974 -81), I 9. I ft I /S ( 0. 56 I ••Is). 
ElTRE.~ES FOR PERIOD OF RECORD (SINCE 1973).--Maxi ■ u■ dischar1e, 201 ft I Is ( S. 89 ■ I l5) Jan. 2 7, 1978; gage hei3ht, 
7.54 ft (2.298 ■); ■ ini ■ u■, 2.4 ft'ls (0.068 •'Isl Sept. 30, l 910. 
Instantaneous ■au ■u• and ■ ini ■ u■ discharges not available prior to Sept. I 4, !973. 
ElTRE>4ES fOR CURRENT YEAR.--Maxi ■ u■ discharge, 10 ft 1 /s ( 0.) 7 ■ I Is) Feb. 2S, aaximu■ gage height, 5. 02 ft 
(1.530 ■) Feb. 26; a1ni ■ u■ discharge, I.I ft• /s (0.0S9 ■ 'Is) Aui. 27- ll, Sept. 2. 
DISCHARGE, IN CUB JC FEET PER SECOND, WATER YEAR OCT08ER I 980 TO SEPTEMBER l 981 
ME.A); VALUES 
DAY OCT NOV DEC JA.~ FEB MAA APR MAY JUN JUL AUG SEP 
I. l 4. 9 9. l 4 ,7 3. 0 lb 8. I 14 8. 9 9. I 4. 6 2. 2 
I. 3 4. 6 7. 4 4. 7 4.1 14 JO 14 8. 6 8. 9 l. 9 I. 3 
2. 6 4. I 7.0 4. 7 5.7 13 JI 14 7. 8 9. l 3. 6 l. 4 
3. 4 3. 9 6.6 4. 4 7. 0 II 11 ll 7. 4 9.S 3. S 1.6 
3. l 4. 7 b.3 4. l 7. 0 11 JI I 2 7. 0 9.8 3. 4 I. 4 
b 3. I 4. 7 b. 0 3. 9 6. 8 JI 14 !I 7. 2 II 2. 9 2. 4 
7 3. 0 4.4 S. 8 3. 9 6. 4 II JS 11 7.6 10 2. 7 I. 6 
8 I. 9 4. 4 b. 0 l. 7 8. 0 JI 15 JI 8.0 9.8 2. 8 I. 6 
9 z. 8 4. 4 7. 0 3. 7 14 JO 14 10 7.8 9. I z. g 2. 6 
JU I. 9 4.7 7. S 3. 7 14 9. I 13 9. 8 7. 4 8. 4 2. 8 3. I 
11 3. 0 4. 7 6. 6 3. 7 II 9. 3 13 9.8 6. 6 7. 4 2. 4 Z.9 
II 3. S 4. 6 S. 8 3. 7 II 9. 1 12 11 6. 3 6. 4 2.6 2. 9 
13 l. 3 4. 2 S. I 3. 7 9.Y 8. 6 II !3 6. 3 s. s I. 6 2.9 
14 3 .1 ,.J 4. 9 3. S 8. 6 8. 6 I! I 3 S. 9 4.8 2.4 3. I 
IS l.O 3. 9 4.6 3. S 8. 0 8. 4 14 I 3 s. 9 4.3 l.b 3. I 
lb 3. D 3. 8 4.9 3. 6 7.4 8. 4 IS I 3 S. 7 3. 8 3. I 4.4 
17 3. 0 3. 8 4. 7 3. S 7. 4 8. 4 IS ll s. 7 3.S 3. I 4. 8 
18 l.O S. I 4. 4 I. 6 b. 8 I. 0 IS 14 s. s 3. 1 l.l 4. 8 
I 9 3. S 6. 3 4. 4 z. s b. 8 7. 6 14 ll S. I l. 4 l.2 4.' 
20 3. 5 7. 2 3. 9 l.b 8. 0 7.2 13 12 6. 8 S.9 z. 9 4. 8 
II 3. 2 6. 2 l. 7 Z. 9 13 7. 4 JI 12 8. 9 8.9 l. 7 4. 8 zz 3. I S. 4 3. S 3. 0 JS 7. 4 II 12 9. 8 11 I. 6 l. 6 
23 3. 0 S. I 3. 4 3. I 14 7. 2 9. 8 I! a. 9 11 2. 4 3. S 
14 I. 9 s. z 3. S 3. I 14 7. 0 12 11 9. S 9. I I. l 3. S 
ZS 3. I 7. 4 3. S 3. I 18 7. D 14 JO 9. 8 8. 4 2. 3 3. 4 
lb b., 8. 9 3. S 3. I 20 7. 0 14 9. 8 9. a 8. 0 I. 3 3. 4 
27 6. 2 7. 4 3.S l. 5 19 7. 2 IS 9. l l 2 7. 2 2. 2 3. 2 
28 6. 0 7. 8 3. 4 3. 7 18 7. 0 14 9. 3 13 6. 4 2.1 l. Z 
29 6. 0 8. 9 3. 4 3. 7 7. 4 14 9. S II S. 7 Z.! 3. 2 
30 S.l 9. 7 4. 2 3. I 7. I 14 9. 3 9. 8 S. 7 2. I 3. I 
31 4. 7 4. 6 3. 0 8. 4 8.9 S. l 2. 2 
TOTAL 110. 7 lb4. 6 158. 4 109. 7 19 I. 3 283. 2 315.0 356. S 140. 0 229. S 86. 3 98. 3 
ME.A); 3. S 7 S. 49 S. I 1 3. 54 !O. 4 9. 14 1 I. I 11.S 8. 00 7.40 2. 78 3. 18 
MAl 6. 2 9. 7 9. 3 4. 7 10 16 IS 14 13 I! 4. 6 4. 8 
MIN 2. l 3. 8 l. 4 z.s 3. 0 7. 0 8. I 8. 9 S. I 3. I 2. I I.I 
CAL YR 19'0 TOTAL 5841. S MEAN 16 .0 MA:( 180 MIN I. 3 
,n YR I 981 TOTAL ZS I 3. S MEAN 6. 89 MA:( 10 MIN 2.1 
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7b PA•C.HUCl RIVER BASIN 
0111-nso CHI PUXET RIVER AT WEST l lNGSTON, RI 
LOCATION.·· ut 41°28'56", lona 71 ° ll '06", Washin&ton County, Hydrologic Unit 0109000;, on r 1 a:ht bank. at west 
lin&ston. at downstrea ■ side of bridge on State Highway I l8, l. S ■ i ( Z .4 It■) west ,r Kingston. and l. I ■ i 
(~.Ok■) upstrea ■ fro ■ WorJen Pond. 
DRAINAGE AREA.··9.99 ■ i' (ZS.87 k■ '). 
WATER-DISCHARGE RECORDS 
PERIOD OF RECORD.·· February 19SI to July 1960 in Rhode Isl and Water Resources Bond Geologic Bulletin l l. 
Sep te ■ ber l97l to current year 
GAGE. - -Wat er• SU,ge recorder . Datu■ of gage is 89. 80 ft ( 27. 3 71 ■). Rhode Island Sutt Board of Puhl ic Roads 
datu■. 
RE~ARlS. ·•Records {air except those for period of no gage-height record. May Z7 :o Ju~~ 9. which are poor. 
Diversion upstrea ■ for supply of University of Rhode Island. 
AVERAGE DISCHAACE. •• 10 years { vat er years 19S9, 197'-82), zo. s ft• /s (O.SBl ■ 'ts). 
EXTREMES FOR PERIOD OF RECORD \SINCE 1973). ·•Ma<1mu■ dischar1e, about ZSO ft'/s (7, 
■ ini ■ u■, 1.1 ft'/s (O.OS9 Ii /s) Aug. Z7•31, Sept. 2, 1981. 
1 :II/ 5) • June 6, 1981; 
Instantaneous ■aii ■u■ and ■ ini ■ u■ J1schnges not available prior to Sept. "· 1-11;. 
ElTRE.14ES FOR CURREMT TEAA.••Mui ■ u■ discharge. about ZIO ft' /s ( 7. l a 'ts), June b; cu n i ■ u■ d1schar1e. Z. 7 ft• /s 
(0.076 •'Is) Oct. 17. 
DISC!WlCE, IN CUBIC FEET PER SECOND, WATER TEAR OCTOBER 1981 TO SErTE.~BER 1 ~8Z 
MEAN VALUES 
OAT OCT NOV DEC JAN FEB MAIi APR MAT JUS JUL AUG SEP 
I l. I 4.1 I. S zz H 20 12 ;z Zl '4 31 20 
2 •. 9 l. S 8. 6 26 96 19 14 19 ,. 44 30 28 
; S. l J. I 14 ,;; 91 19 z• 26 ;o •1 29 l6 
s.; l.1 19 l8 84 19 28 14 ,o 42 18 l8 
s .; Z.9 19 SB 79 12 ;z Zl 90 •1 17 ;; 
6 4. 8 3. I 22 71 66 27 l3 Zl :;s 40 17 29 
7 S. 1 l. Z 2Z 64 ss ;o l4 2Z 180 ;9 lb 2S 
8 4. 8 l. 4 zo • S7 so ;; 30 12 J,S 38 26 2Z 
9 4 .4 3. Z 18 47 4S H 28 21 l 2S l7 27 20 
10 4. l 3. Z 1 S 40 ;9 H 26 Zl 10S l7 29 19 
11 l. S l. 2 ll ;s ;s ;; ZS zo Bl 36 29 11 
l Z l. Z l. l lZ ;z H ;z 27 20 ;o 35 19 16 
ll ; . s 3.1 10 31 31 28 28 19 63 ;s 28 lZ 
14 l. 2 l. 2 9. S 19 J9 28 28 19 66 ;s 27 14 
lS 2. 8 3. 8 ll 19 18 18 27 19 74 H ZS 14 
16 Z. 9 4. 8 zo ZS 28 lb ZS 19 7l H 24 14 
17 l. Z 7. 6 18 16 28 ZS 2' 19 67 H Zl ll 
18 3. 1 11 H ZS 28 25 z; II bj ;z 12 ll 
19 3. 8 ll 31 Z4 26 26 Zl I 8 SB ;z ZI 12 
20 ;. s ll 27 Zl 16 2~ zz II s, 32 zo 12 
21 l.2 ll Z4 zz 16 2; zz 18 IZ 33 19 14 
22 z. 9 II 21 21 lb 24 21 II 49 ll 18 ll 
2l z. 9 10 19 zz ZS Z4 zo 18 " H 17 ll 24 4. l 8. 9 zo 2S 14 24 19 19 ,; ;3 18 ll 
ZS 4. I 7. 8 ZI 32 24 24 19 Zl •l ;z 19 ll 
Zb 4. 3 7. 2 12 H zz 23 19 zz ,z ll zz ll 
27 • . 4 6. 8 zz ;z Zl 22 ZS Zl H lO ZS ll 
28 4. 6 6. 6 22 ZI zo zz J6 19 H ll ZS 12 
19 4. 6 6. 6 Zl 16 zo 39 zo ,2 H 24 IZ 
;o ,. 6 s. 9 zo 24 20 36 Zl 43 ;z Zl 12 
ll 4 .l 20 24 19 12 ll 21 
TOTAL lll. 8 lBl. S S91. 6 1027 lllZ 781 789 6S l Zl 11 1093 7S8 Sl6 
MEAN l. 99 6. lZ 19. I 3l .1 40. 4 ZS. 2 Zb. l 21.0 70 . .I ;s ,; 24. S 1 7. 9 
MAX S. l ll H 71 9b l4 ;9 3z z;s 44 ll l8 
>IIN z. 8 2.9 s. s 21 20 19 19 18 :1 lO 17 l Z 
CAL TR 1981 TOTAL 1978. 7 MEA.~ 8. lb >VJ H MIN Z.l 
WTit TR 1982 TOT,\!. 9776.9 MEAN 26. 8 MA.t ZlS MIN z. a 
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PAWCATUC( RI VER BASIN 17 
01117lSO CHIPUIET RIVER AT WEST (l~GSTON, RI 
LOCATION. ••ut 41°Zl'S6", Jona 71°35'06", lash in1ton County, Hydrolo&ic Unit 0109000S, on ri1ht bank 1t West 
lincston, at downstre.1• sid~ of bridse on St•-te Hi1hw1y lll, J. s •i vest of &:in&ston, and l. I •i upstrea ■ fro■ 
•orden Pond. 
DRAINAGE AAEA.··9.99 ■ i'. 
WATER-DISCHARGE RECORDS 
PERIOD OF RECORD. •·February I 9SI to July 1960 in Rhode Is land Water Resources Board Geoloaic Bulletin ll. 
Sep te ■ ber l97l to current year. 
CAGE. - -Water -scaae recorder. Datu ■ of a•&e is 19.30 ft, Rhode Island State Board of Puhl ic Roads datua. 
REMAA(S. • •Records hir. Diversion upstreaa for supply of University of Rhode Island. 
AVERAGE D!SCKARGE.··11 yea rs (water years 19S9, 1974-13), 21.3 ft• /s. 
EXTREMES FOR PERIOD OF RECORD (SINCE 197l). ·•M11i ■ u■ discharae, about ISO ft• /s June 6, 1932; ■ in1 ■ u■ , Z. I ft• /s 
Aua. 27 • l 1, Sept. z. 1981. 
Instantaneous ■a1i ■ u■ and ■ ini ■ u■ discharces not available prior to Sept. 14, 197l. 
EXTREMES FOR CURR EST YEAA. • •Mn i ■u■ disch.arse, 213 ft'/s Apr. II, ,.,. he i1ht, 7.SI ft; ■ iniau■ d ischar1e, 
l. 0 ft' /s Sept. l Z, 13. 
DISCHARGE, IN CUBIC FEET PER SECO~D. WATER YEAA OCTOBER 1912 TO SEPTEMBER 191l 
NE~ VALUES 
DAY OCT NOV DEC JAN FEB NAR APR NAY JUN JUL AUG SEP 
S. 7 I. 2 19 14 ll l9 49 66 l7 27 10 6. 6 
, . l 7. I 19 14 31 49 46 63 ll ZS II 6. S 
8.; 7. 9 17 14 l3 6l 4S 60 JI H II 6. 2 
8. 6 8 .0 I 5 13 36 62 49 SB JS zz 9.6 6. I 
1.0 9. 4 II 12 36 56 SI S7 J9 21 6. 9 6. I 
6 7. 7 II 15 13 l3 50 48 S4 cu 21 S. 6 6.9 
7 7. 6 l Z 16 13 l4 41 4S SI J7 21 s. J 7. 0 
¥ 8. I I Z 17 14 l4 Sl u 49 ll 21 6. Z 6. 4 
9 II IZ 17 14 ll 7S , 51 46 ll 20 7. 3 4. 9 
10 ll II IS 13 30 19 64 u· 29 19 7. 7 3. 1 
II IS 9. 6 14 IS 21 16 I 7S Cl 17 19 7.1 J.l 
IZ IS 9.1 14 16 lO 18 !BS 42 2 S II I Z l. I 
13 14 II ll I 7 21 90 I 29 Cl 14 17 14 l. 0 
14 l l 1 l 11 16 IS 19 96 40 13 17 16 3. l 
15 12 16 I Z 16 ZJ 69 10 39 22 16 15 I J. 4 
16 II I 7 ll zo Zl 6l 72 42 22 IS 13 3. S 
17 10 17 17 zo ZS 51 76 '8 II IS I l 3. 7 
II 9. 6 1 S II 19 42 54 79 50 11 14 IZ J. 7 
19 I. 9 14 II 18 63 59 ll cs II 13 II l. 7 
20 I. 4 ll 10 16 62 66 II Z 42 11 ll II 3. 7 
Z I 8.? I Z 18 14 SJ 68 112 42 II 13 9. 7 J. 8 
zz I. l I 2 It> ll 47 7S 94 43 10 II 9. I 4.1 
Zl 7. 9 11 14 14 u 76 10 4; 19 12 I. 4 4. 9 
H 7. 6 11 IS ll 4 7 61 II 41 19 13 7. 7 4. I 
ZS 7. 6 II IS 59 49 60 Ill ll 18 ll 7. I 4. 7 
26 8. l 10 16 ss 4 7 ss llS 36 II 13 6. 9 4. 4 
27 I. 4 10 16 45 u SI 101 ll I 7 ll 6. 9 S. 7 
28 I. 6 9. 9 16 l6 40 SI 90 ll ll 13 6. 6 6. l 
19 .. : 13 I 6 JI 60 71 ll IS I Z 6. 7 S. 9 
JO I. 6 16 15 27 SI 71 31 17 II 6. 7 • S. 6 
JI I. s IS 21 51 ll 11 6. 6 
TOTAL 299 .1 ll0.0 4~4 661 IOS l 1914 2S61 lllS 787 SU 237. 9 145. 7 
NEAN 9 .65 I J. 7 IS. 9 Z l. 3 l 7. S 64. 0 IS. 4 u. 7 16. I 16. 6 9. 29 4 .16 
NAX l; 17 21 59 6l 90 115 66 40 27 16 7 .o 
NIN 7. 6 7. I 12 12 23 l9 u ll 17 II S. l 3. O 
CAL YR I 982 TOTAL 100; l. Z NlA~ 17.5 NA.~ ZlS MIN 7.6 
WTR YR 191l TOTAL lOS l 9. I MEAi< 18. I MAX I IS MIN J. 0 
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PAICAT\JCI RIVER ~ASIN 79 
0JII7HO Oi!PUIET RIVER AT WEST IINGSTOS, R.J. 
LOCATJOH.--Lu u•21 1 S6". lona 11•11 1 06··, WashinJton County. Hydroloaic Unit 0109000S, on riaht ban\ u West 
Jinsston, at downstrea ■ side of bridge on State Hi&hway lll, LS a1 vest or lingston, and l.l ■ i upstreaa troa 
Worden Pond. 
OKAISAGE AR.EA.--9.99 ■ i'. 
PERICO OF RECOJl:0.--0ischarae: Februiry 19S8 to July 1960 in Rhode Island Water Resources Board r.eoloaic 
Bulletin ll. Septe■ ber 1971 to current vear. 
later-quality records: l'ater years t9H-8l. 
CA.GE.•-W1ter-st111:e recorder. Datu"' of 11.,e is 19.80 ft, Rhode Island State Board or Public Roads datum. 
U"4AR(S.--Records 11:ood October to Karch, ooor thereafter. Jlivers1on upstrea11 for supply or University of 
Rhod• Is land. 
AVEAAGE DISCHARGE.--12 r••rs (,·ater Y••rs 19S9, 197'-14), 22.2 rt'/s. 
EXTREMES FOR PERIOD OF RECORD (SISCE 197ll.--~ui ■u■ dischar1•, about 2SO ft 1 /s Jun• 6, 1.32; ■ iniouo, 2.1 ft 1 /s 
Aug. 27-ll, S•pt. 2, 1981. . 
Instantaneous ~axi ■UII and ■ ini ■u• discharaes not avaihhJe prior to Sept. 14, )973. 
EXTREMES FOR CURRENT YEAR.--M.11i11ua disch1.rp:e, 186 ft 1 /s June 1, 11,e hei1ht, 7.•l ft; ■ ini11u11, C.l ft 1 /s 
Oct. 11, 12. 






































































































CAL YR 1913 TOTAL 11987.C 
ITR YR 191C TOTAL 12006. 7 








































































































































WEAN 32.1 'tA~ !IS MIN l.0 

































































































































































































9' PAWCATUCK RIVER BASJ\ 
0JJIH50 CHIPUIET lJVER AT WEST IJNGSTOS, R.1. 
LOCATJON.•·l•t ,1•za•St1", ton, 71°3l 1 1)6", W.1shinaton County, Hydrolocic Unit 0109000S, o~ riaht b;ani at West !~~J!~a;,~d~ downHrcaa side of bridse on State Hi1h,oy lll, J.S ■ i west of J:in1st~. and 3.1 ai upstreaa fraa 
DRAINAGE AAEA.--9.99 oi'. 
PElJOD OF RECORO.--Discharee: February 19SI to July 1960 in Rhode 1sl1nd Water Resour.:es Roard Geologic 
Bulletin 13. Se-?teabcr 1971 to current ye,H. 
Water-quality records: Water years 1974-ll. 
GA.GE.--Water-staae recorder. Ouia of aaae is 19.10 ft Jibove lhtional Geodetic Vert1,:~1 Duu11 of 1929 (Rhode 
Island State Board of Public Roads benchaark). 
RE.MARl:S.--No esti ■ued daily disch1raes. Records poor. Diversion upstrea• for supply i:r Un1versity of Rhode 
Isl and. 
AVERAGE DISCHARGE.--Jl yurs (water years 1959, 1914-15), 21.6 ft'/s. 
ElTU'4ES FOR PERIOD OF RECORD (SJSCE 197l).··>l••i•uo disch>rfe, about 250 ft'/s June 6, 1912; 01n1ouo, Z.1 ft'/s 
Aus. 27-ll, Sept. 2, 1911. 
Instantaneous a;ui ■ u■ and ■ 1ni ■ ua discharaes not aYailable prior to Sept. lt, )91;. 
EXTREMES FOR CURREH'T YEAR.·•M.i1i ■ ua discharse, 190 ft 1 /s Au&. ll, &•Ct hei&ht, 7.16 ft~ lllJniaua, f.7 ft 1/s 
Oct. 19, 20, 22. 























































































































































































































































,L n 1914 TOTAL IOZ5Z.• HEAN ZI.O HAI 110 HIN C.9 





















































































































































































































" •~ lffD IIUDI 
Olli 7J50 Clll"111T llVIII AT 11119' llllCITQI, I, l. 
LOCATlOll.•·L&t 41°21'11", lon9 71°JJ'0'"• Vuhlntto■ Co•■ tJ, Nydrol09le Unit 010f0005, OIi rl9ht ban- at Veit Kln91toa, 
•t cSovnttrH■ tide ot brld91 OIi ltat, Nl9hv1r IJI, 1.5 •I VIit ot lln9UOft, .... ,.1 al upltroaa hca llordon tond. 
DIIAJNACI AREA.--,.tf •II. 
HIIJOD or IIICOIU>. ··Oltehu911 Pobruur 1'51 to JulJ IHO la lhod1 ltland Vator latoure11 loard Cool09lc lullotln U. Sept•-• lt7J to current roar. 
Vator-,;ualltr ucord11 vator Jllrt UH•U. 
CACI. --W1ter-1t19e recorder. Datu■ of 9191 It 19.10 ft abo•• National C.odotle 9ortleal Datu■ of U2t (llhod1 lollnd Stote loud of Public lload1 benchaar-1. 
·-·· ··No Ht luted dallr dltehar911. aecord1 poor. 01 .. ulon up,tru• tor 1upplr ot Unl••rtltf of llhod1 lo land. 
AVERACI DJSCIIAACl.0 -H yurt (vator pHrt 1'5'. U7C·UJ, 2~.S tt'/1. 
IITR!HU rotl Pl:lllOD or l!COIU> (SlllCI 1'7Jl,••Katl- dltchar91, about n~ tt'/t Jun,,. uu, •lnl-. 2.1 tt'/t 
Au9. 27·Jl, Sept. J, ""· le1t1ntan1ou1 Mlleu• and elnlau• dUeh•rt••• not 1•1ll1bla prior to Sept. lt, lt73. 
Dn!HU FOIi CVIUll!!:lrf !EAR,-Kul- dl1chu91, U ft'/1 Jan. 21, 9191 h1l9ht, 1.21 hr alnl_, 7.7 ft'/1 Sapt. 15. 
Dl!ICKAIICI, IN CIIIIIC Pll'T Hit IICQIID, WATl:II !EAR OCTOIIIII 1'0 TO S!PTDl!lal UH 
- VALUltl 
OAI OCT NOV D!C JAJI rn KAIi API IIAI JUII JIii. AUC: SEP 
l lJ 11 Jt 11 co JO u ii 10 I. I 11 10 2 lJ 10 ,. " 41 21 2J ,., 11 15 '. 5 J lJ 11 H JI u 11 11 IS t.5 lC 11 ,. J 
I lJ 11 JC 2' 45 u 21 15 ,.1 11 ll ,.~ 
5 15 It JI JI CJ 25 21 IC .. , 17 1S I.~ 
I u CJ JO JC u u 21 lC ,.o ll 11 '.o 7 21 S5 ,, JC 10 2t 12 IC 10 11 lJ ,.1 
I u 51 11 JO ,. 1J 2J IC 11 1J 1J ,., t " u 27 2, JS 22 u 11 11 11 17 1,7 10 u JC 21 JJ JI 22 25 IC 17 10 JO I. I 
11 u JO 11 21 JI 21 2J IC LS ,.1 " I, I 12 15 21 27 10 JO 12 22 lJ u , .. 11 •. 1 u 15 21 u 20 It u 21 u 11 12 ll 1.5 u 15 2, 21 20 17 JO 20 u 21 17 11 I. I 
.19 15 JO 21 1t 27 41 " 12 21 21 u ,.1 u 15 11 11 11 u 11 11 11 It 12 12 , .. 
17 15 ,, 27 n 25 57 u 11 17 10 11 •• C 
II IC 5S 25 l7 u .. 17 11 u 17 12 I.I 
It u SI 21 u u u u 11 IJ n II I. 2 
10 IC 17 u 25 JI ,. 15 10 u 15 14 I. I 
21 u 11 22 u co JS 15 11 u 11 IC I. 1 
22 12 JI 21 JJ .. u u u 11 lJ IS I. I 
2J 12 JI 21 JO 52 2, 17 17 11 11 l5 I. f 
11 12 Jt 11 u .. 21 II u 10 10 IS ,.o 
IS 1J JI 11 u IJ u " l7 lO •. J .. f.l u u JC 21 u JI IS lt IS ,.s ,., lJ I .I 
27 u JS 11 n JS 25 II lJ .. , ll u 1.7 
11 u H 10 II u 25 II 1J , .. 11 ll I.I 
2' u Jt " 72 H II 12 •. 1 12 ll •. 1 JO lJ co lt 57 27 11 ll •. 7 IS l1 ,.o J1 11 11 17 25 u u 10 
TOTAL Cit 10)0 105 910 102' ,u Ul 117 J1t.2 125. S .,, 2'0.6 
NVJI 11.5 JC.J H.O JO. J H.7 JO. 5 lt. 7 IJ.5 u., IJ.' u.: '·" NAZ 2J S5 ,, 14 SI '1 JS II 21 JI 20 10 
NIN 11 10 11 l 7 25 11 15 10 I. 7 I. I 10 ,.o 
CAL ta UIS TOTAL ,111.2 NEM 11.c KAI ISi NI■ S.5 
WTa Tl IHI TOTAL 110,.J Nl!!AII 11.1 KAI 14 Ill■ I.I 
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98 PAWCATOCII: RIVER BASIN 
Olll7lSO CMlPUXET RIVER AT WEST a lNCST'ON. A. I. 
LOCATION. --L•t 0•2a·s,·. long 11•Jl·o,·. wash j n9ton County, Hydrologic Unit 0 I 090005, on right t)l:'\c. " west Kingston. ., downstr••• s.ide ot br id9e on Stile Hi9hv11y lll, l.S •I vest ol Kingston, •nd l. l •i upstreao !roa Worden Pond. 
ORAINACE AREA.--9.99 •i •. 
PEJlIOD OF RECOflD.--Oischuge: Pcbruuy 19H to July 19'0 in Rhode lshnd Water R•sources Board C.~logic Bulletin ll. 
Septeraber 1'7) to cur rent Y••r. Wi&ter-qudlty records: Water years 1974-ll. 
CA.CE. - -water -su,ge recorder. 011tu• of 9•9• ii 19.10 It aboYe National Geode! ic Vert 1c•l O.tu• of : ~Z9 ( Rhode Isl 11nd 
SUte Board of Public Roads ~nch~rl). 
REXA.RKS. --No est i .. ted da • ly d1scha19es. Records good. Diversion upstre•• for supply of Univeri1t'j c;,! Rhode lsl11nd. 
AVERAGE DISCIWICE.--lS Y•• rs I v•t•r Y••rs l9S9, 1974-17), 21. 9 tt • /s. 
EXTR£.MES FOR P£R10D or REC'ORO (SJNCE 1971) .--N,uiau• dhch•r9e. •bout 2SO ft' /S June 6, 1982; •ir.~~ttl. 2. l ft• /s 
Au9. 27-)l, Sept. 2. 1981. lnst•nt•n•ous Ni:iau• 1nd •iniau• disch1r9•s not av• i l1ble prior to Sept. 1', 197). 
£XTRD4ES FOR CURRDIT J£AJl.--~,1•u• disch•r9e, lSO tt•/s Dec. 4, 919e he i9ht. 6. 92 ft: ainiau•. t.S ft' /s Aug. 21, 22. 
DISCH.A.RC[, lN CUBIC FEET Pl::R SECOND, WA.TD Y£A.R OC"1'08ER 1986 TO SEPTDlB£R 1911 
NVJI VALUES 
DAY OCT NOV DEC J,.,. ra >WI >.PA AAY JUN JUL >-:JC SEP 
1. e 7. 9 H 4S )7 21 SI SI 20 9. S S. 2 7.) 
1.0 7 .• 29 Sl JS II 11 46 II 9 .6 ~.) 7. l 
8. 0 7 .• .. 6S H 16 ,2 42 18 10 s.) 6 .8 
9. S 7.1 l4l u H 69 SJ 4S 17 ll I. S 6 ., 
9. 7 7 ., 112 S9 )l SI 61 SI 17 ll S. 7 6 .6 
6 9. 9 I. J 17 13 )2 49 70 S2 17 10 I. 4 '. 4 
7 9. 4 I. S 66 49 )l 4S " 49 17 9. 7 1., '. 4 • e. e 10 SI 46 )0 4S ,i 46 II 9. S I. 2 6. 4 
9 8. S 11 SJ .. )2 ,, 17 '3 17 9.1 I. 2 7.' 
10 •. 2 20 ss 4) H " S2 40 16 I. I 6.1 7 .6 
11 7. 9 ll H .. )4 u '7 JI l I I., 6. 2 7.6 
12 7.S 21 ss S2 )2 )7 " ]6 lS I .2 Ll 7. 4 13 7. 4 21 12 so )0 JS 4S JS IS I. l I. I 9. 0 
l 4 I. S 1' .. 4' 2' )l so )) lS I. l I .6 13 
IS I. I 17 " n 27 )2 SI )2 1' I. 0 s.' 1' 
16 9. 0 IS u u 2S JO 47 )l 1' 7.1 I. 3 16 
17 9. I 1' )9 i, 2' 29 tS JO l l 1., I. l l l 
II I. 9 13 39 ll 23 21 49 29 ll 7.) !>.1 ll 
19 I. S IS SI 47 2l 26 Sl 29 12 7. 2 '. 8 ll 
20 1.0 IS 71 ll 22 2S 10 21 ll 6. 9 <.1 ll 
21 7. 7 2' 7) 10 21 7S 4' 27 10 6. 7 '. 6 ll 
22 7. 7 " ,i 47 21 2S 43 2' ll '. 7 '., 10 2l 7. s 49 IS SI 21 ,. ,o 2, ll ,. s '. I 9.6 
H 7. 4 0 so II 21 23 40 2S ll '. 2 '· 7 9. 0 
2S 7. 3 31 IS II 21 22 Cl H ll ,.o t. 7 1.l 
26 7. 2 JS " '7 20 22 4) 2) 10 S. 9 I. 7 7. 6 27 7.1 )9 ,s .. 20 2) u 2) 10 • .. o S .0 7.) 
21 7. I 43 S9 u 1' 2S 40 27 10 .. 7 I. 6 6. 9 
29 7. 9 u Sl ll 2' ., 22 10 '., 6. 4 6 .6 
30 e .o 3' ., )6 26 ss 22 9. I I. S , . 7 6. 6 
ll 7. 9 .. 37 32 21 .\ ... •. 7 
TOTAL 2SS. 6 '70.7 1840 1476 7U 1140 IS)) 10'7 UI. 9 247.2 167. l 266. 7 
NL\M I. 21 22. 4 S9. 4 47.6 27. 3 3'.I Sl.l )l. I ll. 9 7.11 l.l9 1.19 
NU 9.' " 10 " )7 " 71 S2 20 11 '-1 u NIN 7 .2 7.6 29 3, 1' 22 40 21 9. I s. 4 .. , , . 4 
CA!. 'lit 1916 TO'fJ.L 11,1., NEAii 27.4 IWI 10 IIIN 7. 2 
-.-rR 'lit 1917 'l'O!'AL 9119. 0 NEAii 2'.9 IWI 1') NIN , ., 
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01111350 CHIPUXET IUVT.R AT VEST KINGSTON, R.I. 
LOCATIOtl.--Lat u•ze•s,•, long 11•33•0,•, W,uhington County, Hydroloqic Onit Ol09000S, on right b•nk at We.st King,tc-n, 
at dovn.strea• side of bridge on State Highway 138, l.S ■ 1 11est of JUngston, and 3.1 mi up,trea■ from Worden Pond. 
ORAlNAGI. ARE.A. --9. 99 ail. 
PERlOO Of P.ECORO.--Dhcharqe: Febr-uary 1958 to July 1960 in Rhode hland Water Re.sources e-oard Geologic Bulletin 13. 
Septembe.r 1913 to current year. Water-quAlity records: II.at.er year, 1914-83. 
CAGE.--Water-.stage record,e,r. Oat\1111 of gage h 89.BO ft abo.-e National Geodetic Vert.le.al Oat.um cf 1929 (Rhode lslan,j 
State Board of Public Roads benchS'l•rkl. 
Diver.sion up.streUI for .sur;-ply c-! 
/'', "JU.GE C'ISCHAAG£.--l6 year.s (water yeau 1959, 19'7 ◄ -881, 21.6 ftl/.s. 
E P..£1-'I.S FOR PERIOD OF RECORD (SINCE 19131 .--Kaximul'I. dischar~e, about. 250 ft.>/s, June 6, 1982; cninirnura, 2.1 !t 1 /s. 
Au~. 21-31, Sept. 2, 1981. Instantaneous maximum and ainimu111 di.scharge, not available prior to Sept. 14. 1913. 
EXTREMES FOR CURR£NT YEA.R.--Kaxlmwn discharge, 92 ft>/s, Feb. 11, gage height, 6.29 ft; miniau.ua, 4.C ftl/s, Sept. 30. 







































































































































































































































CAL YR 1987 TOTAL 7824.5 HE.AN 21.4 MAX 86 HIN 4.3 




























































































































































































l)l 111)SQ OftPl.7XET P.JVER AT WEST P:INGST"'JN, R.I. 
LO':ATIOU.--Lat 41•29•5,;•, lc.n~ 71•)),,,,,•, W-uhin1t?n County, Hy,jc?l~ic Unit •)IQ90')0S, ;;,n ri•Jht t-.ant. at W9st ,<in?st◊n, 
at d"wnstre.aa side of bridge on Stue Hi1h·oy 138, l.!> ai west of P:in~.ston, •nd 3.1 ,.i upstte•• troei W?r-ien Pon,j. 
ORAIUAGE A.P.EA.--9.99 mi2. 
PEP.JOO Of' P.ECOP..O.-·Oi.s,:h.az:1•: February l~S8 t? July 19,C\ in P.h':'lde Isl.and W.iter R<?sources Boar-j Ge-:-lc-11-: e,,lletin 13. 
Ser;-teat-er 1913 to current year. W•ter·-:iu•Jity rec-:-r,j.s: Water years 19'1t-83. 
GAGE,--Water-stage re,:ordec. Datum ?t 1••J'? is 89.81') ft above N•tional Ge?'Jetic Vertical Catum ";>( 19:?9 !Rh,:,,,je hlan,j 
St•t• B,:,,.ar,j of P1Jbl 1-: Roads t-.nchJn-trkl. 
R.E.MAP.Y.5.--U? estiaated daily dLs-:hllt1'?-"- Pe,:c.r'1s 1oo,,j, Oiveoi?n upstream for supr,ly of Univ'?rsity ,:,f P.h?de lsLand. 
AVER.ACE DI!:.CHAAGE.--11 ye•r!J 1wate1 ye.us 19S9, l?H-99), 21. 7 !tl/s. 
EXTP.EKE.s fClP. PERIOD or F!£COR.D (Sl?X:E 1~131 .--Naxi1t1u,n dischar'J9, a~ut 2c;n tt.>/s, June '.i. 19fl:; ndni111urn. :.1 ft>/s, 
A•q. 27-31. Sept. 2, 1981. tnstant~neous Cl\aXiJtU• and 11ini1n1J111 ~ischar~e:ri n-:,t available prior to Sert. U, 1!13. 











1•1 5. 6 
11 5 -• 
1: 5. 5 
I) s .J 
14 S. l 
15 4 .• 
1, 4 .• 
17 •. 8 
18 4 .8 
19 4 .• 
:o 5.0 
:1 s .o .. •. o 
:) 6. 3 
=• 6. 7 
:5 •. 8 
26 ... 
;i •. 4 6. l 
2• •. 1 
)0 5. 9 
31 5. 7 
TOT.U 166. S 
MU.JI s.n 
HAX 6 .8 
KlH 4. 4 
CAL YR 1988 
WTR Yll 1989 
DISCHARGE:., CUBJ(: fE£T PE.P. SE.COND, WATER YEAA OCTO~ER 1988 TO SE.PTEHP£P. 1989 
KEAN VJ . tJES 
NOV DEC Jm FEB KAR APP. HAY JUN JUL 
6. 8 H I 7 15 18 )6 42 27 :o 
)3 30 16 15 )7 )5 •• 26 1 • 
19 26 l 5 l 5 )6 )2 58 :6 18 
21 :) l 5 15 )6 )2 58 :6 )7 
18 20 14 14 H 32 so :s 18 
l 5 18 13 J) 17 H H : ) : l 
l 3 17 13 J) 17 )6 .. 7) :s 
11 l 6 l 3 I) 16 40 42 :) 28 
9. 7 l 6 1) 12 )6 41 )8 =• :1 
8. 9 15 I) 12 15 40 )6 )7 25 
8. 9 15 I J 12 15 )6 49 .. 2) 
8. 6 14 I) 11 15 )) 7) 41 :1 
9. l 14 l 5 ll 15 )0 7) 37 19 
10 17 16 1: 15 27 6) H 20 
11 : l l. 15 15 :6 54 32 : 1 
11 .. :) )7 15 ,2 '8 35 :) 
12 :o 2' 17 15 65 ,s )9 35 
13 18 .. 16 n .. 43 40 58 
13 16 19 15 17 54 41 38 57 
17 15 18 14 )7 46 38 JS 47 
3' 15 l 6 16 20 41 16 )2 ,1 
51 16 l 5 =• 2• 37 34 )~ 36 ,s 16 14 H =• 3• 3: 28 J: 
37 17 14 32 2' 32 31 :1 28 
JO 19 l J 28 39 30 30 26 :s 
:s 1• 13 24 58 27 30 25 :3 
2: 18 14 : l 5• 26 31 24 21 
26 18 15 l 9 45 25 3: 23 :o 
3' 18 l 5 38 2, 32 n 19 
38 18 15 3' 32 30 :12 18 
18 l 5 34 28 17 
59). Q 579 4B3 ,n 712 1089 1336 9~6 e:: 
19. 8 18. l l !- . 6 11. 0 23.0 3S.3 ◄ 3. l Z9. ~ 2,;. S 
51 3. '4 )C 58 65 73 .. 58 
•- 8 14 13 11 15 
:, 28 .. 17 
TOTAL 68)8. 7 KEA1' 18. "I HAX 90 MIU 4 .• 
TOTAL 8332.3 KEAN 22. 8 HAX 73 MIN 4 .• 
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I 6 :o 
15 19 






l 7 11 
l 7 11 
20 11 
29 10 



















6~1 571 .9 
19. ◄ 19 .) 
)7 35 
13 9 .: 
". PAWCATUCK RIVER BASIN 
Oll173SO· CIIIPOnT IUVZll A% IIEST l<T-.sTOl!t U 
LOCATIOW.--Lat.41"21 1 51•, lon9 ,1933•oc•,.•••blD9ton County, llydrolo;lc Onlt 01010005, oa rl9bt b-.k. at ••t lintaton; 
at downatr ... alda of br1• on Stat• Wl9bway 1)1, 1.5 a.1 wert of K.iDCJ•ton, and 3.1 a1 apatr.- t~ Wordea PoDd. 
DRAIMACZ ~:~-t.tt al•. 
PE.R.IOD or P.r.O:>JU>.-•Olacharg.1 February 1151 to ~ly 11,0 1n Rhode I•land ••t•r b•ourcea Board Geologic: Bulletin 13. 
Sept.aber 117) to c:urrent year. Wat•r-quallty recorda: Matec para ll'U-ll. 
cacz. --Water-atage recorder. 0.twa of 9ag• la It .10 ft -. llatioa&l Geodetic -...rUe ■ l D■t- of lt2t (Ntod•_ Io land 
State &oard of Public ao.da bancluuirt). 
IU!KMU.••llo ••tl.-■ted dailJ' dhehar9 ... ltacord• 90od. Diffr■ lon apait.r..,. for ropply of Dni-rdtJ of Ntode la land. 
J.IIEIIAGE DISCIIAltGl:.••11 y.an (water year• ltSt, ltH•tol, 22.0 ft 1 /a. 
EXTRZME5 t'OR PERIOD or lltZOJttD _(SIIICZ lt731.-Max1-a dheha~. aboat. 2S0 ft'/■ , J'uN ,, 1tl21 al.n1- %.1 ft 1 /o, 
Aug. 27•31, S.SK. 2, ltal. Innantaneooa .. z.1-a aAd aini-.. diachaZ9•• not •••llabl• prior to Sept.. lt, lt73. 
l:XTRDIES FOR CURRlllT YEAR.--Mu.iaua dlaeharg,e, 72 ft 1 /a, apr. S, 9age ki9ht, l.11 lt1 al.nia,a, t.l ft 1/•, Sept. ,. 7. 
Dls::RA1'GE, CUBIC rEET PER RGOllll, Bffa YEJ.11 OC!OUR ltlt TO SEPTDIB!:ll lttO 
- VJ.I.DU 
Dll OCT - DIC JlUI na - APR NU ,71111 .10L AIIG SU 1 lt n 3t 3' u 3C 2, 3' 3' 17 17 5.1 
2 20 52 ll " SJ 32 2, 31 31 lt 15 5.5 3 23 S2 lt C5 " 32 2, 3' 2, 20 13 5.5 • 2' ., l2 co " 32 Sl 33 21 20 11 s.1 s 2S " 31 37 .. 32 71 3' 27 1' 10 •• t 
' 23 ,2 30 35 ,2 31 ,2 3t ZS 17 t.s ,.1 7 21 31 Zt 32 ,o 30 52 3t ZS 1' t.2 •• 7 • 1' 3l 21 30 3t Zt ,s 31 ZS 15 l.t •• 7 t 11 u 21 30 31 21 ,o 3l 2, u t.0 ••• 10 17 51 27 Zt 31 21 3' 3S zc 13 ,.5 c.t 
11 17 ,o 2, 2t 42 2' ll 3t 23 12 t.3 c.' 
12 1' 5' 25 30 '3 2, 31 '3 22 12 t.2 .. , 
ll 1' C7 ZS Zt '1 27 3, u 22 lS t.1 ,. 7 
u 15 Cl zc 27 3t 27 3' '2 21 17 ,., c.' 
15 11 u 23 25 3' 27 35 Cl 20 11 ,.o 5.f 
u 21 '2 25 2' 37 27 ll ,2 lt 17 7. 7 ,.2 
17 2' H 2, 23 31 2, ,o '2 1t 1' 7 •• ,.c 
11 2t " 25 23 31 2, co 0 -- -lt--,--.· u- 't.O. 
,s-· 
1t 33 ___ U---·- .z,. - 23----3,- 27 31 u lt 12 , .. 5.1 - 20· 3t u 2, 22 3C 21 3S 31 11 10 ,., ,.o 
---------·---- --- -
__lL ..51.. u 23 zc 32 2;-- 3t 37 11 ,., ,., S.t 
22 ,s 3' 23 25 31 2t 3S 3' 11 t.2 '·' ,.1 23 57 3t 23 2' 35 27 3S 3' 17 t.2 ,.s 7 .3 
21 " 37 23 25 '1 2, 3C 3' 17 10 7 .l 7 .c ZS 42 3' 23 27 u 2C 32 33 17 20 I. 7 7 .3 
2, 31 35 22 3t 13 23 31 31 1' 32 .. , 7.0 
27 lt 35 22 51 3' 21 30 30 15 JC ••• ,. 7 21 32 37 22 51 36 21 21 2t 15 31 7 ·' ,.2 2t 31 ,o 21 ,s 20 21 Zt H 2' 7.0 ,.o 
30 2t ·n 21 S7 20 21 31 1' 23 ,.s s. 7 
31 Zt 22 " 23 33 lt ,.o 
TOT.Ill. tOl 1302 ,o, 105S 113S Ill 1117 1137 '31 536.0 271. 7 171.5 - 2t.1 n., 2,.0 3'.0 co.s 27 .o 37 .2 3'. 7 21.3 17.3 I. 7l 5.72 IWC '5 ,o 31 " u JC 71 '3 3' JC 17 7. C NIN lS 35 21 22 31 20 2C Zt 15 t.2 ,.o c. 7 
C.IILTR ltlt TOT.Ill. 10002 .I -27. C IWC 73 NI■ ,.2 lffll TR lttO TOT.Ill. HOl.2 27 .1 MAX 71 Ml■ c. 7 
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PAWCATUCK RIVER BASIN 97 
01117)50 CHIPUX£T RIVER AT WCST KINCSTON, RI 
J,OCATloH.--Lat ◄ 1 •2s• 56•, lor.:; 1! •j J' 06•, Wasn1ngton County, Hydroloqlc Unit 01090005, on r iqht bank n West Kingston, 
at dow:"l.st.ream sloe o! bri::::;e -·· State Highway 138, 1. 5 mi west ot K1nqston, •nd J. l :l 1..pst re.1:r. !rem Worden Pond. 
Ofl>.INAG£ Allt.A.--9.99 m1
2 
ptRIOC Of ;ttCORO, --D1 scharqE:: !ec:-- _a :y !9~8 to July 1960 in Rhode !shnd Willter Resources aoard Geoloqtc Bulletin 13. 
septe::Der 1973 to curren-:. 'jea:. ftater-qual!ty records: Water years l 9H-8J. 
c;AGt.--wa:.er-stage recorder. :a:.:,;=. :::! :;a~e 
state a.card of Puol lc itcacs ::e~ . .::=-.=••r~J. 
ls 89.80 It at>ove Nation.11 Geoaet1c Vertical Oat Uftl o! 1929 (R.hode Island 
.RtMARKS.-~ecords good. D1ve:-s~::::-. :.:;:st:ea:r, ror supply o! University o! Rl1ode Ishnd. Ir.stantaneous maximum and minimum 
dlsctia:1.;1es not ava1 lab le ~::.o:- <c Sepe.. l<, 1973. 
DISCH.:..;:;~. c:.-:r~ ~SE.T ?ER SECOND, WATER YEA;< OCTOBER 199.0 TO SE?:E!'<BER 1991 
DAI LY HEAN VALUES 
DAY OCT NOV c::.c: JAN FEB HAR A?R KAY JU~ J\/L AUC SEP 
5. 4 7. l 8.5 18 18 16 30 30 16 7. l 5.0 5. ◄ 
5. 2 6. 9 8.4 18 18 16 28 lJ 15 6.8 4 .8 s. 2 
5.0 6. 9 7. 7 17 18 l7 27 Jl IS 6. 7 4 .6 S.2 
4. 9 6. 7 ... 5 16 17 2 ◄ 25 2', 14 6. 7 S. 5 S. l 
4. 9 6. S !J l5 16 33 24 26 14 6. 7 6. 8 6. 7 
6 4 .8 7 .o 15 15 16 JS 24 25 14 6. 8 6.6 9.' 
7 ◄. 7 7. l !5 15 17 33 23 28 13 6. 7 6. 5 12 
8 4. 9 7. 4 H 14 18 lO 22 JO 13 6. 7 6.1 12 
9 S .2 7. 5 l( 14 18 28 22 29 13 6. 5 5. 7 10 
10 S .2 8.2 13 15 18 25 21 28 12 6.1 12 1.7 
ll 5 .2 8. 6 lJ 15 16 23 20 29 11 s. 9 17 7.1 
12 5.3 a.a 12 18 16 21 20 28 11 5. 8 18 7.1 
lJ 5. 9 9. 4 12 20 16 20 19 27 ll 5. 7 14 6. 5 
l4 6.3 9. l .. 20 16 20 19 25 10 5. 7 ll 6. 2 
15 6 .6 8. 6 t: 19 19 22 19 23 10 5.9 e .e 6.1 
16 6. 7 8. 5 1l 20 21 23 20 22 9 .8 5.7 7. 5 6.0 
17 6. ◄ 8. 5 !S 36 20 23 20 21 9. 6 5. 4 6.8 5.9 
18 6 .2 e. 4 l~ 49 18 24 20 22 9. ◄ 5.0 6. 2 5. 7 
l9 6.3 8.2 16 45 18 31 19 23 9.1 4. 7 7. 5 5.2 
20 6.2 8.0 16 37 20 39 19 23 9.0 ◄ .6 9.3 5. 9 
21 6. 2 e.o !5 32 21 38 28 21 8 .8 4. 5 12 6. 2 
22 6.3 8.3 '< 27 21 33 58 20 8. 7 ◄• J ll 6. 5 
23 6. 4 9.J l ~ 23 20 JO 66 18 8 . ◄ ◄. 6 10 s. 7 
24 7 .o 9. 6 16 21 19 33 55 18 8.J 4. 8 9. 4 5.2 
25 7 .8 9. 4 16 l S 18 40 46 17 7.9 4.9 8.4 6.6 
26 8. 5 9. 2 18 17 41 38 16 7 .3 4. 9 7. 7 a.a 
27 8. 4 8. 9 a 18 17 38 33 15 7. l 5. 5 6. 9 10 
28 7. 9 B. 5 :e 17 16 35 JO 15 7 .0 6. ◄ 6 .s 9.8 
29. 7. 7 8. 6 16 17 32 27 15 6. 9 5. 8 6.0 8. 7 
JO 7. 5 B. 6 : 6 17 31 27 15 7.C 5. ◄ 5 .8 7. ◄ 
Jl 
7 ·' '. l8 Jl 15 5. l 5 .e 
TOTAL 192. 4 2 ◄ 5.8 42i.: 663 503 885 8 ◄ 9 717 316. 3 in., 259.2 217. 2 
HE.UI 6. 21 8.19 ll.8 21. 4 18 .0 28. 5 28 .3 23. l 10 .5 5.72 8. 36 7 .2 ◄ 
MAX 8. 5 9. 6 18 49 21 u 66 JJ 16 7. l 18 12 
HIN 4. 7 6.5 7 .7 14 16 16 19 15 6. 9 ◄• J ◄ .6 5.1 
STATISTICS or MONTHLY HEAN ::A.':'A r=a WAT£.K YEARS 1958 - 1991, BY WATER YEAR {WY) 
HE.UI 10. J 16. l 2 .• 28. 6 29. 5 J ◄. 6 3(. 6 27. 9 22. 2 l ◄• 6 ll. 2 9.89 
MAX 29. l 43.4 s. 4 64. 2 43.6 64 .o 15. 4 44. 7 70. 4 JS. J 24. 5 32. ◄ 
{WYJ 1990 l 990 9!7 1979 l 984 I 983 1983 1983 1982 1982 1982 1985 
HIN 3. 57 ◄. 99 . ll J. 54 10. 4 9.14 12. 7 11. 5 7.89 J. 94 2. 78 3.28 
IWYJ 1911 1977 S81 1981 1981 l 981 1985 I 981 1976 1976 1981 I 981 
S!JHHARY STATISTICS FOil : g 90 CA.l.i:NOAR YEAR FOR 1991 WATER YEAR WATER 'ttARS 1951 - 1991 
ANNUAL TOTAL 7766. 5 5454.4 
ANNUAL KEAN 21. J 14. 9 21. 6 
HIGHEST A..'iNUAL Ht.A.N 32. 8 1984 
LCIIEST AIINUAL HEAN 6. 89 1991 
HIGHEST DAI LY HUN 71 Ap: 66 Apr 23 235 Jun 6 1982 
LOWEST DAILY HEAN ,. ' Sep 4. 3 Jul 22 2. l Aug 28 1981 
ANNUAL SEVEN-DAY HINIHUH 
'. 8 Sep 7 4 .6 Jul 19 2. 2 Aug 26 I 981 INSTA.'ITAIIEOUS PEAK FLOW 68 Apr 23 250 Jun 6 l 982 
INSTANTANEOUS PEAK STACE 5. 90 Ap:- 23 
UiSTAN7AHtOUS LOW fLO\ii 4.2 Jul 21 2. 1 AUQ 27 1981 
10 etRCEHT EXCEEDS ,o 29 43 
50 PERCi:!iT EXCEEDS :a 13 17 
9C PtRCEHT EXCEEDS E. 2 ~. 7 5. 9 
210 
APPENDIX G 
MONTHLY PRECIPITATION AND NORMALS: 
#(INiSTOM, Rl 







1934 3.56 5.02 























































1.19 11.59 Sb.20 
5.73 2.71 44,86 
4.42 ~.57 51.8b 
1939 3.85 4.73 &.63 5.39 0.67 3.33 1,00 8,82 2.29 4.77 1.55 2.71 45.74 
1940 2.34 4.40 3.60 5.15 4.78 1.93 3.46 0.81 3.59 2.38 7.16 2.i4 41.64 
1941 3.75 
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11.47 
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; .. 87 
3.03 
3.i5 2.S3 35.~2 
5.19 6.38 48.71 
2.66 i.54 31.?b 
9.90 :.89 39.48 
8.16 7.17 43.05 
0.96 3.38 39.24 
6.12 2.80 41.68 
4.52 2.28 42.73 
3.40 3.011 35.27 
6.76 3,55 35.41 
6.84 4.75 41.85 
1.86 4.30 42.21 
6.02 5.77 61.11 
















































3. 71 2. 35 
2.51 7.22 
1.97 1 e. s7 
4.10 3. 31 
5. 59 5. 97 
6. 44 4. 47 
b.51 6.45 
3. 95 4. 15 
2.40 4.33 
4.07 3.18 
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o. 77 78. 21 
4.e8 4L27 
Lll F.27 
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